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PKEFACE. 

The following Exercises are submitted to the student 
in the hope that they may be of use both in assisting him 
to understand those propositions with which he must 
subsequently become familiar, and in enabling him to solve 
problems for himself by means of the Examples which 
have been given throughout, and to which hints have been 
added which the Author trusts will be found judicious. 

The only works on the subject with which the Author 
is acquainted treat so much of Modem and so little of 
Ancient Geometry, that he has reason to hope the present 
one will not be superfluous. 

Many of the proofs which have been adopted are 
original, though those usually given have not been depart- 
ed from except when the change was considered to be an 
advantage. 

The pupil is advised first to try those propositions 
which have been worked out in full, before he reads their 
solutions, for even should he fail to obtain a solution his 
time will not have been wasted. In solving a problem 
he should in every case first suppose it solraed.. '^^^^. '^'^ 
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may be looked on as an example of this. Those Examples 
(pages 130, 131) which depend chiefly on Euclid (i. 4; i. 8; 
I. 26) had better be solved before the Exercises are begun. 

The Author begs to thank his friends Messrs NicoUs, 
B.A., Senior Moderator, Trinity College, Dublin, and 
L. J. Ryan, Head Master, Central Model Schools, Dublin, 
for their kindness in correcting the proof-sheets. 

19, St Andbew Street, Dublin. 



ERRATA. 

Page 16, sixth and seventh lines from the bottom, for AHG read AHC. 

Page 54, last line, for O read O^. 

Page 59, line 13, for AE read BE, S^ ^ ^«ad BF. 
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GEOMETKICAL EXEKCISES 



FOR BEGINNERS. 



Fundamental Propositions. 

Prop. 1. The straight line joining the middle points 
of the sides of a triangle is parallel to the third side and 
equal to half of it. 

A 




Let D, Ej F, be the middle points of the sides BC, 
CA, AB, of any triangle ABC. Join FJE, BE, CF, and 
ED. 



C. G. 
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2 GEOMETRICAL EXERCISES 

As the triangles AFE, BFE stand upon equal bases 
AF, BF, and are between the same parallels, since they 
have a common vertex^ E, they are equal (I. 38). For the 
same reason the triangles AFE, GFE, are equal ; therefore 
the triangles BFE, GFE are equal. But they stand upon 
the same base, FE, and upon the same side of it ; therefore 
they are between the same parallels (I. 39). Hence FE 
is parallel to the side BG, Similarly the line ED is 
parallel to the side AB ; therefore BFED is a parallelo- 
gram, and therefore (I. 34) FE, BD are equal : that is, 
FE is equal to half the base. 

Note. The converse of this very important theorem 
may be stated thus: — If, through the middle point of one 
side of a triangle, a parallel be drawn to the base, it bisects 
the other side. 

Prop. 2. Half the hypotenuse of a right-angled tri- 
angle is equal to the straight line joining its middle point 
to the vertex. 

C 




O B 

Let ABG be a right-angled triangle, of which AB is 
the hypotenuse. Bisect ABm 0. Join GO : the straight 
lines A 0, BO, GO are equal. 

Bisect -4(7 in -E; and join OE. 
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Since 0, E, are the middle points of AB, AC, re- 
spectively, OE is parallel to BC (I.) ; therefore (I. 29) the 
angles AEO, A CB are equal ; but A CB is a right angle, 
therefore AEO is a right angle. Hence in the triangles 
AEO, CEO, the sides AE, EO are equal to the sides 
CE, EO, each to each, and the contained angles AEO, 
CEO are also equal, each being right ; therefore (I. 4) the 
bases -40, CO are equal. But AO, BO are equal, since 
is the middle point oi AB\ therefore the three AO, BO, 
CO exe equal. 

Prop. 3. If from any two points, and the middle point 
of the straight line joining them, any three parallel lines 
be drawn meeting a third indefinite straight line : (1) the 
sum of the two external parallels is double the internal 
one, when the two points are on the same side of the 
indefinite line : (2) the difference of the external parallels 
is double the internal one, when the two points are on 
different sides of the indefinite line. 




Fig.l 

Let P, Q be the two points; LMN the indefinite 
straight linej the middle point of PQ. Draw PL, QN^ 
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OM, any three paraUel lines meeting the indefinite straight 
line in i, M, N, respectively : the sum of PL, QN (fig. 1) 




is double OM: and the difference of PL, QN (fig. 2) is 
double OM. 

Through Q draw QR, parallel to LMN, and meeting 
PL, OM, produced if necessary, in jB, T respectively. 

Since is the middle point of PQ, and OT \& parallel 
to the base PR of the triangle PQR ; therefore 

{l,Note)20T=^PR. 

And since the opposite sides of a parallelogram are 
equal, 2TM=^ QN + RL; .-. by addition (fig. 1) 

2{0T+TM) = PR + RL+ QN; 
that is, 2(?Jlf = PL + QN: which proves (1). 
Again by subtraction (fig. 2) 

2 (OT- TM) = PR-RL- QN; 
that is, 2 OM^ PL - QN; which proves (2). 
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Prop. 4. If any straight line be drawn parallel to the 
common base line, and cutting the sides, of two triangles 
standing upon equal (or the same) bases and between the 
same parallels, the sides of the triangles intercept equal 
segments on this line. 

A O 




B C. E F 

Let ABCf DEF be two triangles upon equal bases BG, 
EF.y and between the same parallels AD, BF. Let LMNR 
be any straight line parallel to BF, and cutting the sides 
respectively, m Ly M, N, R: then the intercepts LM, NR 
are equal 

For, if not, suppose one of them LM to be the greater. 
Cut oflf LO equal to NR. Join AO,BO, CO, and ER. 
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The triangles AOL, DNR, being upon equal bases and 
between ilie same parallels, are (I. 38) equal. Similariy 
the triangles BOL, NER, and BOG, ERF, are equal; 
therefore the triangle DEFis equal to the figure ABCOA. 
But the triangles DEF, ABC are equal (I. 38) ; therefore 
the triangle ABC is equal to the figure ABCO, which 
is absurd. Hence LM is not greater than NR. Similarly 
NR is not greater than LM\ therefore they are equal. 

Note. The above proof applied to fig. 2, evidently 
proves the important theorem, that ''the straight line 
joining the vertex of a triangle to the middle point of the 
base bisects every parallel to the base.*' 

Prop. 5. The internal and external bisectors of any 
angle are at right angles to each other. 




Let BAG be any angle. Produce BA to any point J). 
Bisect BAC internally by the line AL, and externally 
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(that is, the angle CAD) by AM : then LAM is a right 
angle. 

The sum of the angles BAG, CAD is (I. 13) equal to 
two right angles; therefore half their sum is one right 
angle ; but GAL is half of BAG, and GAM is half of GAD ; 
therefore the angle LAM is half the sum of the angles 
BAG, GAD, that is, the angle LAM is a right angle. 

Prop. 6. The angle between either side of a right- 
angled triangle and the perpendicular from the vertex to the 
hypotenuse is equal to the angle between the hypotenuse 
and the other side. 




Let ABG be a right-angled triangle, of which AB is 
the hypotenuse. Draw GD perpendicular to AB: the 
angles BGD, BAG are equal: as are, also, the angles 
AGD, ABG. 

The angle GDB is equal to the sum of the angles BA G, 
A GD (L 32). But the angle GDB is right by construc- 
tion ; therefore the sum of the angles BAG, A GD is equal 
to a right angle. 

Again, the sum of the angles AGD, BGD is a right 
angle by hypothesis ; therefore the sum of the angles BAG, 
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AGD, is equal to the sum of the angles ACD, BCD. 
Hence, taking away the common angle ACDy the angles 
BGDy BAG remain equal. Similarly the angles AGD, 
ABC are equal. 

Prop. 7. The area of a triangle is equal to half the 
rectangle contained by its base and altitude. 




Let ABG be any triangle; and from the vertex, -4, 
draw AD perpendicular to the base BG: the area of the 
triangle ABG is equal to half the rectangle BG. AD, 

Through A draw EAF parallel to the base BG. 
Through By G draw BE, GF parallel to AD, and meeting 
EAF in Ey F, respectively. 

Since AD IB perpendicular to BG, and BE, GF are 
parallel to AD, clearly BEFG is a rectangle. 

But (I. 41) the rectangle BEFG is double the triangle 
ABG; therefore BG.GF is double the triangle ABG. 
But GF, AD are equal, being the opposite sides of a 
rectangle; hence BG .AD is double the area of ABG, or, 
.the area of the triangle ABG is equal to \BG. AD. 
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Examples. 

1. Prove that the triangle AFE in Prop. 1 is equal to one 
fourth the area of the triangle ABG. 

2. If the middle points of the sides of a quadrilateral 
be joined in order, the figure thus formed is a parallelogram ; 
and its area is half that of the quadrilateral 

[Consider Prop. 1.] 

3. The straight lines joining the middle points of the 
opposite sides of a quadrilateral bisect each other. 

[This follows immediately from the last, if it can be shewn that the 
diagonals of a parallelogram bisect each other ; which latter I. 26 will at 
once prove.] 

4. An indefinite number of triangles stand upon the same 
base and between the same parallels; find the locus of the 
middle points of their sides. 

[It will be found from Prop. 1 that the several middle points lie on a 
straight line midway between the parallels, which straight line is the 
locus of the points.] 

5. If two triangles stand upon the same base, and not 
between the same parallels, the figure formed by joining the 
middle points of their sides is a parallelogram. 

6. If from any two diametrically opposite points on the 

circumference of a circle perpendiculars be drawn to a straight 

line outside the circle, the sum of these perpendiculars is 

constant. 

[Consider Prop. 3.] 

7. A straight line of given length slides between two 

other straight lines at right angles; find the locus of its 

middle point. 

[Since (2) half the hypotenuse of a right-angled triangle is equal to 
the distance of its middle point from the vertex ; therefore, no matter 
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what its position be, provided its length is always the same, the distance 
of its middle point from the fixed vertex is constant ; in other words, its 
middle point moves on the circmnference of a circle whose centre is the 
vertex, and whose radios is half the given length.] 

8. If, from the vertex of a right-angled triangle, a 

perpendicular be drawn to the hypotenuse, the angle included 

between this line and that joining the vertex to the middle 

point of the hypotenuse is equal to the difference of the base 

angles. 

[Consider Props. 2, 6.] 

9. Given of a right-angled triangle the hypotenuse and 
the difference of the base angles ; construct it. 

[By means of the preceding example and Prop. 2, the solntion is 
manifest.] 

10. If the base of a triangle be divided into any number 
of equal parts, the straight lines joining the vertex to the 
several points of section divide every straight line drawn 
parallel to the base into the same number of equal parts. 

[This follows immediately from Note, Prop. 4.] 

11. If from the ends of the base of any triangle perpen- 
diculars be drawn to the external bisector of the vertical angle, 
and their feet joined transversely to the ends of the base ; prove 
that the joining lines intersect on the internal bisector of the 
vertical angle. 

[Produce the perpendiculars to meet the sides produced. The solution 
will then become immediately apparent from Prop. 5, and Prop. 4, Note,] 

12. State, and prove, the analogous theorem to the 
preceding. 

13. If perpendiculars be drawn from any point within an 
equilateral triangle to the sides ; prove that their sum is con- 
stant, and is equal to the altitude of the triangle. 

[Consider Prop. 7 for the solution of this and the next two examples.] 
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14. If perpendiculars be drawn from any point within an 
equilateral polygon to the sides ; prove that their sum is con- 
stant. ' 

15. Prove that the rectangle contained by the two sides of 
a right-angled triangle is equal to the rectangle contained by 
the hypotenuse and the perpendicular. 

Prop. 8. The sum of the internal angles of a polygon 
of n sides is equal to 2 (n — 2) right angles. 




Let ABDEFGC be a polygon of any number of sides, 
n. Join any one vertex, A, to the several vertices 2>, J5, 
etc. Then the polygon is made up, clearly, of as many 
triangles as the figure has sides, less hy two : that is, the 
number of triangles is n — 2. But (I. 32) every triangle 
has the sum of its angles equal to two right angles; 
therefore the sum of the angles of the n — 2 triangles, 
or the sum of the internal angles of the polygon, is equal 
to 2 (n — 2) right angles. 
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Examples. 

1. The sum of the internal angles of a polygon is lequal to 
thirty- six right angles ; find the number of its sides. 

Let n be the number of sides, then 

2(w-2) = 36, 

or 2n = 40, 

or w = 20. 

2. The sum of the internal angles of a polygon is equal to 
eighteen right angles ; prove that it must have eleven sides. 

3. Prove that there are sixteen right angles in a decagon. 

4. Prove that the sum of the internal angles of any polygon 
can never be an odd number of right angles. 

Prop. 9. If the sides of a polygon of any number of 
sides be produced successively, the sum of the external 
angles is equal to four right angles. 




Since the sum of any one internal and the adjacent 
external angle of the polygon is equal to two right angles 
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(I. 13) ; therefore the sum of the external' together with 
the internal angles is equal to 2n right angles^ n being the 
number of its sides. 

Hence, the sum of the external angles is equal to the 
difference between 2n and 2/1—4 right angles : which is, 
by common subtraction, 4 right angles. 

Prop. 10. If from the vertex of a right-angled triangle 
a perpendicular be drawn to the hypotenuse, it divides it 
into segments, the rectangle under which is equal to the 
square of the perpendicular. 

A 




Let ABC be a triangle, right-angled at A, 

Draw AB perpendicular to BC : 

the rectangle under BB, BC is equal to the square on 
AB. 

Bisect BG in 0, and join AO. 

Clearly (II. 5) BB ,BG+ OB^^ 0G^=- 0A\ since 
(2) OA^OC\ to each side add AB\ 

and BB.BC+OB' + AB'=-OA' + AB'; 

but OA^ = OB^ + AB"" (I. 47) ; therefore, taking away 
these equals, we have BB . BG=AB\ 
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Prop. 11. The difference of the squares of the sides of 
a triangle is equal to the difference of the squares of the 
segments of the base made by the perpendicular from the 
vertex on the base. 




"Lei ABC be any triangle. Draw AD perpendicular 
to BG: 

the difference of the squares of ABy AG ia equal to the 
difference of the squares of jBZ>, DG, 

Since the angle ADB is right, 

AE'^Air + BD' (1.4^7). 
Similarly AC'-^AL^^ GD" ; 

.-. by subtraction AE" ^-AC^BD''- GD\ 



Prop. 12. The sum of the squares of the sides of a 
triangle is equal to double the square of the bisector of the 
base together with double the square of half the base. 

Let ABG be any triangle, of which D is the middle 
point of the base BGy and AH the perpendicular from the 
vertex on the base. Join AD, 
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Since the angle ADB is obtuse, we have (II. 12) 
Aff = AB" + BD" + 2BD . DH : and since the angle ADC 

A 




B D H C 

is acute, we have (II. 13) AC ^AI>' + DC'''2CD.LH; 
therefore, by addition, AB' + AG'-=^2AD^ + 2BD'', for, 
BD being equal to GD, their squares add, and the rect- 
angles cancel. 

Prop. 13. If from the greater of two sides of a triangle 

a portion be cut off equal to the less, and the point of section 

joined to the vertex of the opposite base angle, this line 

makes with the base an angle equal to half the difference 

of the base angles. 

A 
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Let ABC be a triangle, of which AD is equal to A C, 
and CD joined : the angle BCD is equal to half the 
difference of the base angles. 

The angles ADG, AGD are equal (I. 5) ; and the 
angle ADC is (I. 32) equal to the sum of the angles ABC, 
BCD ; therefore the angle A CD is equal to the sum of the 
angles ABC, BCD, To each of these equals add the angle 
BCD, and we have the sum of the angles A CD, BCD 
(or ACB) equal to the angle ABQ together with twice 
BCD. That is to say, twice the angle BCD is equal to the 
difference of the angles A CB, ABC. 

Prop. 14. The angle, between the bisector of the 
vertical angle of a triangle and the perpendicular from the 
vertex to the base, is equal to half the difference of the 
base angles. 

The construction being the same as in the last, let AQ, 
the bisector of the angle A, meet CD in 0; and let 
AH, the perpendicular from the vertex to the base, cut 
CD in a 

Since the lines AD, AC are equal, the angles ADC, 
ACD are equal; and the angles DAG, CAQ are equal by 
construction ; therefore, since the side AG i% common to 
the two triangles DA G, CA G, the angles A GD, A GC are 
equal (I. 26) ; and therefore (Euclid def.) each of these 
angles is a right angle. Biit the angle AHQ is also 
right ; therefore the angles AHQ, AGC are equal : and the 
angles AOG, HOC are equal (I. 16) ; therefore (I. 32) the 
angles OAO, HCO are equal. But HCO is, by the 
preceding, half the difference of the base angles ; there- 
fore the angle GAO is half the difference of the base 
angles. 
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Prop. 15. If two triangles, having their vertical angles 
equal, stand upon the same base and upon the same side 
of it, they have the same circumscribing circle. 





Let PQS, PT8 be two triangles, having their vertical 
angles PTS, PQS equal, and st.anding upon the same 
base PS: the same circle will pass through the points 
p. T, Q, 8. 

For, if not, let the circumscribing circle of PQS not 
pass through T, but cut PT, produced if necessary, in T\ 
Join ST. 

Because the angles PTSy PQS are in the same 
segment they are equal (III. 21). But (hyp.) the 
angles PTSy PQS are equal ; therefore the angles PTS, 
PTS are equal, which contradicts (I. 16). Hence the 
points P, T, Qy S must lie on the same circle. 

Prop, 16. If the opposite angles of a quadrilateral are 
together equal to two right angles, it is circumscribable by 
a circle. 



C. G. 



18 



GEOMETRICAL EXERCISES 



Let PTQ8 be a quadrilateral, having the sum of the 




opposite angles PTQy PSQ equal to two right angles : the 
same circle will pass through the points P, T, Q, S. 

For, if not, let the circumscribing circle of the triangle 
PSQ not pass through T, but cut PT, produced if necessary, 
in T. Join QT. 

Since the quadrilateral PTQS is inscribed in a circle, 
the sum of the angles PTQ, PSQ is equal to two right 
angles (III. 22). But (hyp.) the sum of the angles PTQ, 
PSQ is equal to two right angles; therefore the angles 
PTQ, PTQ are equal, which contradicts (I. 16). Hence 
the circle passing through P, S, Q, also passes through T. 

Prop. 17. ABGD is a quadrilateral inscribed in a 
circle, if the opposite sides ACy BD are produced to meet 
in P, the rectangle under PAy PC shall be equal to the 
rectangle under PBy PD ; and the angles PBA, PCD shall 
be equal: conversely, if the rectangle under P-4, PC is 
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equal to the rectangle under PB, PD ; or the angles PBA, 
PCD are equal, the quadrilateral is circumscribable by a 
circle. 

P 




Draw PQ a tangent to the circle. 
Then PA.PG^PQ". [III. 36.] 

Similarly PB.PD^PQ". 

.\PA,PG = PB,PD. 

Again, (III. 22) the sum of the angles ABD, A CD is 
equal to two right angles; but (I. 13) the angles PBA, 
ABD together make two right angles ; therefore the 
angles PBA, ABD are together equal to the angles PCD, 
ABD; hence, taking away the common angle ABD, the 
angles PBA, PCD are equal. 

Conversely, if PA,PC=PB,PD; or the angles PBA, 
PCD are equal ; ABCD is circumscribable by a circle. 

Suppose, in the first case, that the circle passing 
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through B, G, D does not pass through A; let it cut 
FG in A\ Then, from the first part, PA' .PC^-FB.PD; 
but (hyp.) PA.PG^PB.PD, /. PA[.PC=PA . PC, 
and /. PA = PA', "which is absurd. Hence the circle 
passing through BCD also passes through A. 

In the second case, when the angles PBA, ACD are 
equal : to each of these equals add the angle ABD, when 
the sum of the angles PBA, ABD is equal to the sum of 
the angles ABD, ACD ; but the former sum is (1. 13) equal 
to two right angles; therefore the latter sum is equal to 
two right angles; and therefore (16) the quadrilateral 
ABCD is circumscribable by a circle. 

Prop. 18. To divide a given finite straight line into 
any number of equal parts. 




Let AB be the given finite straight line : it is required 
to divide it into any number of equal parts. 

From A draw any straight line AZ, and produce this 
line indefinitely. Upon AZ take any point P. Cut off 
(I. 3) PQ, QR, etc., each equal to AP, taking as many equal 
parts, AP, PQ, QR, on AZ, as we want to divide AB into. 
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Join BB. Draw PL, QM parallel to EB : the parts AL, 
LM, MB are equal. Draw QO, PN parallel to AB^ and 
meeting RB, QM in and N respectively. 

In the triangles APL, PQN", the sides AP, PQ are 
equal ; and the angles PQN^ QPN equal respectively to 
the angles APL, LAP, (I. 29) ; therefore (I. 26) the sides 
AL, PN are equal Similarly the sides PN, QO are equal; 
and so on; therefore the lines AL, PN, QO, etc. are 
equal. But the lines PN, QO, are (I. 34) equal to LM, 
MB, respectively^ therefore AL, LM, MB are equal. 

In this special case the line AB is trisected. 

Note, The proof of this problem shews that " if one 
side of a triangle be divided into any number of equal 
parts, and if parallels to the base be drawn from the several 
points of section, these parallels will divide the other side 
into the same number of equal segments.'* 

Prop. 19. The straight lines drawn from the ends of 

A 
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the base of a triangle to the middle points of the opposite 
sides trisect each other at their point of intersection. 

Let ABC be any triangle, and E, F the middle points 
oi AC, AB, respectively. Join CF, BE, intersecting in O, 
Bisect OBy OC, in K, M, respectively. Join KM, FE. 

Since F^Eaxe the middle points of AB, AC respectively, 
J^^is parallel to BC, and equal to half of it (1). And 
considering the triangle BOC, KM is parallel to BC, and 
equal to half of it (1). Therefore the lines KM, FE are 
both equal and parallel. Hence, in the triangles OFE, 
OKM, the angles FEO, EFO are equal to the angles OKM, 
KMO, respectively, and the bases FE, KM are equal; 
therefore (I. 26) the lines OE. OK are equal, and the lines 
FO, OM are equal. But OK, KB are equal by con- 
struction; therefore the three EO, OK, KB are equal; 
and similarly the three FO, OM, MC are equal. Hence 
the lines CF, BE trisect each other, the greater segments 
being towards the angles. 

Prop. 20. The straight lines joining the vertices of a 
triangle to the middle points of the opposite sides (gene- 
rally called — the bisectors of the sides,) meet in a point. 

Let (last fig.) ABC be any triangle, and D, E, F, the 
middle points of the sides BG, CA, AB, respectively : BE, 
CF, AB meet in a point. 

Join BE. Let (18) be one point of trisection of the 
line BE, BO being the greater segment. 

By the preceding the line drawn from any vertex, C, 
to the middle point of the opposite side AB must pass 
through 0. Similarly the line drawn from A to the point D 
must pass through 0. Hence the three lines meet in a point. 
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Pbop. 21. The perpendiculars from the vertices of a 
triangle to the opposite §ides meet in a point: and if a 
triangle be formed by joining their feet, its sides will 
be equally inclined to those of the original triangle. 




Let ABC be any triangle ; and let the perpendiculars 
BHy Cly intersect in Z. Join AL, and let it, produced, meet 
BC in G: AGi^ perpendicular to EC, 

Join IH. Since the angles AIG, AHB are each right, 
the quadrilateral AILH is circumscribable by a circle 
(16); therefore (III. 21) the angles ALI, AHI bxq equal. 
Again, since the angles BHGy BIG are equal, each being 
right, the quadrilateral BIHGis circumscribable by a circle ; 
therefore (17) the angles AHI, ABG are equal; but the 
angles ALI, AHI have been proved equal ; therefore the 
angles ALT, ABG are equal ; and, therefore, the quadri- 
lateral BIL O is circumscribable by a circle. But the angle 
BIL is a right angle, therefore (III. 22) the angle AOB is 
a right angle, in other words, AOi^ perpendicular to BG. 
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To prove the second part. Join /(?, HG, 

The angles BLI, CLE are* equal (I. 15) ; but these 
angles are equal, respectively, to the angles BGIy GOH, 
since the quadrilaterals BQLIy GOLHd^xQ circumscribable 
by circles ; therefore the latter angles BOI, CGHsiTe equal, 
which proves the second part. 

Examples. 

1. Prove that the point, Z, in the preceding proposition, 
is the centre of the inscribed circle of the triangle GHL 

2. Prove that the sides JBG, CA, AB of the triangle ABC 
are the external bisectora of the angles of the triangle GJII, 

Prop. 22. The internal bisectors of the angles of a 
triangle meet in a point — the centre of the inscribed circle. 




Let ABG be any triangle. Bisect the angles B, C, by 
the lines BO, CO, meeting in 0. Join AO : A bisects 
the angle A, 

From draw OB, OE, OF, perpendicular to BC, CA, 
AB, respectively. 
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In the triangles BOF, BOD, the angles BFOy FBO are 
equal, respectively, to the angles BDO, BBO; and the side 
BO common; therefore (I. 26) the lines OB, OF are equal. 

Similarly the lines OB, OE are equal ; therefore the 
three OB, OE, OF are equal : whence is the centre of 
the inscribed circle. 

Again, (I. 47) A0'=-AF^ + FO^^AE'+OE'; there- 
fore ^i?^+jPO'=^^ + OE^y and taking from these equals 
the equal squares of FO, OE, the squares AF, AE remain 
equal. Hence, in the triangles A OF, A OE, the sides AF, 
FO are equal to the sides AE, EO, respectively, and 
the side AO common; therefore (I. 8) the angles FAO, 
EAO are equal, that is, AO bisects the angle A, 

Prop. 23. The external bisectors of any two angles of a 
triangle and the internal bisector of the third angle meet 
in a point — called the centre of an escribed circle. 

A 
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Let ABC be a triangle ; and let the sides ABy AG he 
produced indefinitely to L, M, respectively. Bisect the 
angles CBL, BOM by the lines BO^j 00^, respectively, 
meeting in 0^, Join AO^: AO^ia the internal bisector of 
the third angle A. 

Draw O^D, O^E, OJP perpendicular to BG, and the 
production of AC, AB, respectively. 

In the triangles 0,BD, O^BF, the angles O^BD, Oj)B, 
are equal, respectively, to the angles O^BF, O^FB, and the 
side O^B common; therefore (I. 26) the sides O^D, O^F 
are equal. 

Similarly the sides O^D, O^E, are equal, therefore the 
three O^D, O^E, O^F, are equal. (Hence the circle, with 
0^ as centre, and with radius either of these three lines, 
touches the side BC externally, and the other two sides 
AB, AG, produced. Wherefore the point 0^ is called the 
centre of an escribed circle.) Again, (I. 47) 

AO,^ = AF'+ O^F^^AE' + O.E'. 

But O^E^, O^F" are equal ; therefore AF", AE" are equal ; 
and therefore the lines AF, AE are equal. 

Hence, in the triangles AOJ?^ AO^E, the sides AF, 
FO^ are equal to the sides AE, EO^, respectively, and the 
side AO^ common ; therefore (I. 8) the angles FA 0^, EAO^ 
are equal, that is, O^A is the internal bisector of the 
angle A. 

Examples. 

1. If a, 6, c, denote the lengths of the sides jBC, CA, AB, 
respectively, of a triangle ABC] and if 2« = a + 54-c: prove 
that AF=AE=8-a'y BF=BD = 8-h) CD = CE = 8-C', 
2), E, F, being the points of contact of the inscribed circle. 
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2. If i>, E, Fj are the points of contact of the escribed 
circle opposite the angle A : prove that AF =AF = 8; BF = BD 
= «-c; CD=CE=:8-h. 

3. Prove that the middle point of 0, is equally distant 

from the vertices, -5, C, of any triangle ABO ; 0, 0, being the 

centres of the inscribed, and escribed circle opposite the angle 

A. 

[Consider Props. 2 and 5.] 

4. The area of a triangle is equal to «r, r being the radius 
of the inscribed circle. 

[For the solution of this and the next example, consider Prop. 7.] 

5. The area of a triangle is equal to {a - a) r^, r^ being the 
radius of the escribed circle opposite the angle -4. 

6. If c?, D are the points of contact of the circles (0), {0^ 
on the side a ; prove that the distance dD is equal to the differ- 
ence of the other two sides c, h. 

Prop. 24. The perpendiculars to the sides of a triangle 
at their middle points meet in a point — the centre of the 
circumscribing circle. 

A 




Let Dy E, F be the middle points of the sides J5(7, GAy 
AB, respectively, of a triangle ABC. Let the perpen- 
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diculars FO, EO, at F, E, meet in 0. Join OD : OD is 
perpendicular to BG. 

Join OA, OB, 00, In the triangles, AFO, BFO, the 
sides AFf FO are equal, respectively, to the sides BF, FO, 
and the contained angles AFO, BFO are also equal; 
therefore (I. 4) the bases A 0, BO are equal. Similarly 
the bases A 0, 00 are equal ; therefore the three lines OA, 
OB, are equal — ^whence is the centre of the circum- 
scribing circle. In the triangles OBD, ODG, the sides 
BD, DO are equal to the sides CD, DO, respectively, and 
the bases BO, 00 are also equal; therefore (I. 8) the 
angles ODB, ODG are equal ; and, therefore, OD is at 
right angles to BG. 

Prop. 25. To construct a square equal to 

(1) the sum of two given squares : 

(2) the difference of two given squares : 

(3) double a given square. 
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Let X, F, be the two given squares. 

(1) To find a squaxe equal the sum of these two 
given squares. 

Take AG equal to a side of the square X, and BG 
equal to a side of the square Y, Place these lines at right 
angles at the point (7; and join AB : the square on AB is 
the required one. 

For, (I. 47) the square on AB is equal to the sum of 
the squares on AG, CB, that is, the sum of the squares 
X, Y. 

(2) To find a square equal to the difference of the 
squares X, Y. 

Lay down the line AG equal to a side of the square X, 
and at G erect GB perpendicular to AC, and produce it 
indefinitely. With A as centre, and a radius equal to a 
side of the square Y", describe a circle cutting GB in B. 
Join AB. The square on GB is the required square. 

For, the square on ^J5 being (I. 47) equal to the sum 
of the squares on AG, GB; therefore the square on CB is 
equal to the difference of the squares on AB, A C, that is, 
the difference of the squares F, X. 

(3) To find a square equal to double a given 
square. 

We have only to take the squares X, Y equal, when 
the proof of (1) clearly applies. 

Example. 

Construct a square that shall be equal to the sum of three 
given squares. 

[First construct a square equal to the sum of any two of them, by 
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means of (1). Then construct a square equal to the sum of the one just 
found and the third given square : clearly this last is the required one. 

By this method, a square can be found equal to the sum of any number 
of given squares.] 

Prop. 26. If the perpendiculars of a triangle be pro- 
duced to meet the circumference of the circumscribing 
circle, the intercepts, between their point of intersection and 
the circumference, are bisected by the sides of the triangle. 




Let AJBC be a triangle, of which AH, BI are the 
perpendiculars from -4, -B, respectively, to BG, CA, Let 
AH, produced, meet the circumference in K: then LK is 
bisected in H, L being the intersection of the perpen- 
diculars. 

• Join^iT. 

Since the angles AIB, AHB are each r^ht, a circle will 
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circumscribe AIHB (15) ; therefore (III. 21) the angles 
HBL, lAL are equal. Again, the angles CAK (or IAL\ 
GBK are equal, being in the same segment (III. 21) ; 
therefore the angles CBK, HBL are equal But the 
angles LHB, KHB, are equal, being right (const.) : hence, 
in the triangles BHL, BHK, the side BH is common, and 
the angles HBL, BHL are equal, respectively, to the two, 
KBH, KHB; therefore (I. 26) the sides LH, HK are 
equal, that is, LK is bisected in if. Similarly it can be 
shewn that the other intercepts are bisected. 

Prop. 27. The distance of any vertex of a triangle- 
from the intersection of the perpendiculars is double the 
perpendicular from the centre of the circumscribing circle 
upon the opposite side. 

The construction being the same as in the preceding, 
draw from 0, the centre of the circumscribing circle, OD 
perpendicular to BG, Join OK, cutting BG in N. Join 
LN, meeting OD, produced, in (?. Join OA, 

Since, by the last, Lff, HK are equal, we have in the 
triangles NLH, NHKy the sides NH, HL equal to the 
sides NH, HK, respectively, and the included angles 
NHL, NHK equal, each being right ; therefore (I. 4) the 
angles LNH, HNK are equal, as are, also, the angles 
NLH, NKK But the angles NKH, OAK are equal, 
since OA, OK are equal ; therefore the angles NLH, OAK 
are equal: hence (I. 28) OA. LG are parallel. But AH, 
OG, are parallel, since each is perpendicular to BG; there- 
fore A OOL is a parallelogram, wherefore (I. 34) AL, OG 
are equal. 

Again, it has been proved that the angles LNH, KNH 
are equal ; therefore their equals DNO, DNO are equal. 
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Hence in the triangles DNG, DNO, the side DN is 
common, and the angles DNG, NDO, equal, respectively, 
to the angles DNO, NDO; therefore (I. 26) the lines 
OD, DG are equal: that is, 00 i& double of OD. But 
OGf AL, have been proved equal ; therefore AL is double 
of OD. 

Example. 

A straight line of given length slides between the legs 
of a fixed angle ; find the locus of the intersection of the 
perpendiculars of the triangle thus formed. 

[The radius of the circumscribing circle is clearly constant, (HI. 24) : 
and since the base, also, is given, the perpendicular from the centre to it 
is, therefore, given. Hence, from the above proposition, the locus is a 
circle, with the vertex of the fixed angle as centre, and a radius of given 
length. ] 

Prop. 28. Squares are described upon the sides of any 
triangle, and perpendiculars are drawn to the base from 
the two most remote edges ; then, the sum or difference 
of these perpendiculars is equal to the base, according 
as both base angles are each acute, or one base angle 
obtuse. 




Let ABC be any triangle. At B, C erect BK, CL 
perpendiculars to J J?, -4(7, and equal to these lines 
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respectively. Then K, L are the edges of the two squares 




most remote. Draw KM, LN perpendiculars to JBG pro- 
duced. Draw, also, AD perpendicular to BC, or BC 
produced. 

Since the angle ABK is right, being the angle of a 
square, the angles ABD^ KBM together make a right* 
angle. But the angles BAD, ABB also make a right 
angle, since the angle ADB is right ; therefore the angles 
KBM, BAD are equal ; and the angles KMB, ADB are 
each right : hence, in the triangles KMB, ADB, the sides 
AB, BKdiXe equal by construction, and the angles ^K'jBilf, 
KMB are equal to the angles BAD, ADB, each to each ; 
therefore (I. 26) the lines KM, BD are equal. In a 
similar manner, the lines CD, LN can be proved equal. 
Hence (fig. 1), where each base angle is acute, clearly, 
the sum of KM, LN is equal to the sum of BD, CD, 
that is, BC 

In (fig. 2) the case where one base angle is obtuse, 
clearly the difference between KM, LN is equal to the 
difference between BD, CD, that is, BC 

C. G. ^ 
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Prop. 29. Given the base of a triangle in magnitude 
and position, to prove that the straight line joining the 
two most remote edges of the squares described upon the 
sides always passes through a fixed point 

Let (figs, to preceding) ABC be any triangle upon the 
fixed base BG: the straight line joining K, i, passes 
through a fixed point. 

Bisect BG in 0. Erect OJ perpendicular to BC, and 
meeting KL in J. By the last, the triangles KBM, ABD 
are equal in every respect Hence the lines BM, AD are 
equal. For the same reason, the lines Glf, AD are equal: 
therefore the lines BM, GN are equal. Hence since is 
the middle point of 5(7, it is also the middle point oi MN, 
But the three lines MK, OJ, NL are parallel ; therefore 
(3) the sum (or difiference) of MK, LN is equal to double 
OJ. But, by the last proposition, the sum (or difference) 
oi MK, LJSF is equal to BG; therefore BO is double OJ; 
or the lines BO, OJ are equal. Hence, OJ is always 
constant, while the base is constant; but it is at right 
angles also to the base at its middle point, therefore the 
point /is fixed. Hence the several straight lines KL pass 
through this point. 

Prop. 30. If a straight line be drawn from the 
A A 




Fig. I 
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vertex of an isosceles triangle to any point in the base, 
the rectangle under the segments of the base, thus made, 
is equal to the difference of the squares of a side of the 
triangle and the joining line. 

Let ABC be any isosceles triangle. Take any point P 
in the base, or base produced : the rectangle 

BP.FO^Aff'-AF' 
when the point is on the base ; and 

BP.PC=AP''-Aff 
when the point is on the base produced. 

Draw AD at right angles to BC, Then, since the 
angles ABC, ACB are equal, and the angles at D right, 
and the side AD common to the triangles ABD, ADC, 
the sides BD, DC are equal (I. 26.) 

Hence (fig. 1) BP.PC=BD''-DP^ (U. 5) ; 

but (11) BD'-^DP^^AB'^ AP", 

therefore BP.PC^Aff- AP". 

And(fig.2)5P.P0 = 2)P"-Ci>« (IL 6) 

^DP^-BD'; 

but (11) DP" - BD" ^AP"-- AE", 

therefore BP.PC^AP"-- AR. 

Prop. 31. K from the vertex. A, of a triangle ABC, 
a straight line AP be drawn making the angle BAP equal 
to the angle AGBy and cutting the base CB, produced, 
in P : then the line AP is a tangent to the circumscribing 
circle of the triangle ACB: and CP.PB=^PA\ 
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Let the angles BAP, ACB be equal: then AP is 
a tangent to the circle circumscribing the triangle AGE: 
and CP. PB = PA\ 

A 




At A erect AD perpendicular to AP, and at B erect 
BD perpendicular to AB\ let these perpendiculars meet 
in 2). 

Since the angle ABD is right, the sum of the angles 
BAD, ADB is equal to a right angle (I. 32); but the 
angle DAP is a right angle; therefore the sum of the 
angles BAD, ADB is equal to the sum of the angles 
BAD, BAP; take away the common angle BAD, and 
the angles ADB, BAP are equal. But the angles BAP, 
ACB are equal by hyp.; therefore the angles ADB, 
ACB, axe equal; and therefore (15) the same circle will 
pass through the points A, B, D, C. But the angle ABD 
is right; therefore AD is a diameter of the circle ABDC; 
and it is at right angles to AP; therefore (III. 16) AP is 
a tangent to the circumscribing circle of ABC: and 
therefore (III. 36) CP.PB = PA\ 

Example. 

From the vertex, A, of a triangle, draw a straight line 
AP cutting the base BC, produced, in P, so that BP , PC shall 
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be equal to the square on AF, When would the problem 
be impossible ) 

Pkop. 32. The rectangle contained by the hypotenuse 
of a right-angled triangle and either segment of the 
hypotenuse made by the perpendicular is equal to the 
square of the adjacent side. 

The construction being the same as in Prop. 6 : it is 
required to prove that AB . BD = BC\ 

Since the angles BCD, BAG are equal (6), BG is a 
tangent to the circle about the triangle AGD (31). There- 
fore (III. 36) AB.BD = BG\ 

Pkop. 33. Given the rectangle under two lines, and 
the di£ference between them : to find the lines. 




It is required to find two lines, so that the rectangle 
under them shall be equal to a given square X, and the 
difference between them shall be equal to a given straight 
line EF. 

Upon the given straight line EF, as diameter, describe 
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a circle. At any point, Q, on this circle, draw a tangent, 
and cut off from it a portion, QP, equal to side of the given 
square X, Join P to 0, the centre of the circle, and let 
PO cut the circumference in A, B: PA, PB are the re- 
quired lines. 

For (III. 36) P-4.P5 = PQ'^ = the given square X; 
and PB-PA^AB^ EF the given difference. 

Examples. 

1. If from any point, 0, within a triangle ABC, perpen- 
diculars OJD, OE, OF be drawn to the sides BC, CA, AB 
respectively ; prove that BD^ + CE^ + AF" = CD^ + AE^ + BF*. 

[Apply Prop. 11 to the several triangles OBC, OCA, OAB, It wiU be 
found by a4dition that the squares OB, OC, OA cancel.] 

2. Prove that the sum of the squares of the sides of a 
parallelogram is equal to the sum of the squares of its 
diagonals. 

[See Prop. 12. It is necessary, also, for the solution of this theorem 
and the next, to know that " the square on a line is equal to four times 
the square on its half.'' This the student can easily prove for himself. 
It is clearly a particular case of (II. 4.).] 

3. The sum of the squares of the sides of a quadrilateral 
is equal to the sum of the squares of its diagonals, together with 
four squares of the line joining the middle points of the 
diagonals. 

4. Shew that Ex. 2 is a particular case of Ex. 3. 

5. Prove that (see fig. to Prop. 21) 

AL . ag=ah: AC=AB.AI. 

And hence prove that the perpendiculars from the vertices of a 
triangle to the opposite sides meet in a point. 
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Prop. 84. Given, of a right-angled triangle, either 
side, and the remote segment of the hypotenuse made by 
the perpendicular : to construct it. 

Suppose (fig. Prop. 6) ABC the required triangle, and 
that -4(7, BD are, respectively, the given side, and remote 
segment of the hypotenuse made by the perpendicular 
CD. 

Since (32) BA . AD = AG^, we know the rectangle un- 
der the lines -B4, AD, But we also know their difference, 
viz., BD] hence (33) we can find the lines BA, AD. 

The following, then, is the construction: — Lay down 
the lines BA, AD {AD being taken as a portion of AB), 
the rectangle under which is equal to the square on the 
given side, and their difference being equal to the given 
difference. At D erect DC perpendicular to AB, and pro- 
duce it indefinitely. Inflect over to this perpendicular 
the line AG, equal to the given side, and meeting DG in C. 
Join CB\ AGB is the required triangle. 

For, BA . AD being equal to AG\ AG is (III. 37) a 
tangent to the circumscribing circle of the triangle ABG; 
but GB is the diameter of this circle, since GDB is a right 
angle; therefore (III. 16) AGB is a right angle. The 
two other conditions of the problem are clearly satisfied 
by the construction. 

Prop. 35. Given the base, vertical angle, and sum of 
sides of a triangle : to construct it.^ 

Suppose that ABG is a triangle that satisfies the three 
conditions, viz. that its base BC is equal to a given line, 
that its vertical angle A is equal to a given angle, and that 
the sum of its sides is equal to a given line. 
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Produce BA^ and take AD equal to A C. Join CD. 

D 




Since (I. 5) the angles AGD, ADC are equal, the angle 
A is (I. 32) double the angle ADC. Hence the angle 
ADC is half the given vertical angle. And BD is equal 
to the given sum of sides, since the lines AD, AC are 
equal. Hence the following construction : — 

Lay down BD equal to the given sum of the sides; 
and at either end, Z), make the angle BDC equal to half the 
given vertical angle. 

Inflect over BC to the line DC, and equal to the given 
base. At C make the angle DCA equal to the angle 
BDC. Let the line CA cut BD in A: ABC is the re- 
quired triangle. 

For, since the angles ADC, ACD are equal, the angle 
BAC is double the angle ADG. But the angle ADC was 
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made equal to half the vertical angle ; therefore the angle 
BA G is equal to the given vertical angle. Again, the sides 
-4(7, AD are equal (I. 6) ; therefore the sum of BA, AC is 
equal to the given sum BD. And BG is clearly the given 
hase. 

Prop. 36. Given the base, vertical angle, and the 
diflTerence of the sides of a triangle : to construct it. 




Suppose that the triangle ABG satisfies the three 
conditions of the problem. Then, cutting off J.i) equal 
to A G, BD is equal to the given difference of the sides ; 
and since the angles ADCyACD are equal, either of them, 
ADGy is (I. 32) half the supplement of the given vertical 
angle. 

Hence the following construction: — Lay down BD 
equal to the given difference of the sides. Produce BD 
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indefinitely to M, Make the angle MDL equal to half 
the supplement of the given vertical angle. Inflect over 
BC to DL, and equal to the given base. At C make the 
angle DC A equal to the angle ADC: the triangle ABC, 
thus formed, is the required triangle. 

For, the base BC is given by construction. And since 
the angles ADC, A CD are equal, the sides AD, AC are 
equal (I. 6) ; and, therefore, the difierence between AB, AC 
is equal to BD, the given difference. And since the angles 
ADC, ACD were made half the supplement of the given 
vertical angle, and are half the supplement of the angle A. 
from the geometry of the figure ; therefore the angle A is 
the given vertical angle. 

Prop. 37. Given the base, difference of the base 
angles, and sum of the sides of a triangle : to construct it. 




The following is the construction (see Prop. 13). Lay 
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down BC equal to the given base. Make the angle BGL 
equal to half the given difference of the base angles. At 
G erect CM at right angles to CL, and produce it in- 
definitely. Inflect over BE to CM, and equal to the given 
sum of the sides. Let BE cut CL in 2>. Bisect DE in A. 
Join AC: ABC is the required triangle. 

For, its base is given by construction ; and since BE is 
bisected in A, and DCE is a right angle, the three, DA, 
AC, AE are equal (2). Hence the sum of BA, AC is 
equal to the given sum BE. And since AD, AC, are 
equal, the angle BCL is half the difference of the base 
angle (13). But it was made half the given difference of 
the base angles; therefore the difference between ABC, 
ACB is given. 

Prop. 38. Given the base, difference of the base angles, 
and difference of the sides of a triangle : to construct it. 




The following is evidently the construction. (See 
Prop. 13.) 

Lay down BG equal to the given base. Make the 
angle BCL equal to half the given difference of the base 
angles. Inflect BD over to CL, and equal to the given 
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difference of the sides. Produce BD indefinitely. At the 
point (7, with the straight line (72>, make the angle DCA 
equal to the angle CDA, GA meeting BD produced in A : 

ABC is the required triangle. 

For, the base is given. And since the angles CD A, 
DCA are equal, the angle BCD is half the difference 
of the base angles (13) ; therefore the difference between 
the base angles is given. And clearly BD is equal to the 
given difference of the sides. 

Examples. 

1. Given of a right-angled triangle the perpendicular, and 
either of the base angles : construct it. 

[Consider Prop. 6.] 

2. Given the segments of the hypotenuse made by the 
perpendicular : construct the right-angled triangle. 

3. Given of a right-angled triangle the hypotenuse and 
the sum, or difference, of the sides : construct it. 

4. Given the three middle points of the sides of any 

triangle : construct it. 

[Consider Prop. 1.] 

5. Given, in position, the three feet of the perpendiculars 
of a triangle : construct it. 

[Consider Prop. 21, and the example following.] 

6. Given the three bisectors of, the sides of a triangle : 
construct it. 

7. Given the angles of a triangle, and the perimeter : 

construct it. 

[Lay down the straight line, equal to the perimeter, as base line ; npon 
it construct a triangle having its angles equal to the given angles (I. 23). 
From the centre of the inscribed circle of this triangle draw parallels to 
the sides : the smaU triangle thus formed will be the required one.] 
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Prop. 39. Given the sum and difference of two 
straight lines : to find them. 



A O D B 

Let AB, EF be, respectively, the sum and difference 
of the two straight lines, which we are required to find. 

Bisect AB in 0, and from OB cut off (L 3) the 
portion OD equal to half of the given difference EF: ADy 
DB are the required lines. For, their sum is clearly equal 
to AB\ and since AO, OBaie equal, the difference between 
AD, DB is equal to the difference between the sum of 
OB, OD and DB ; or the difference between the sum of 
double OD, DB and DB; that is, double OA or EF. 

Note. From the above proof we see that if a straight 
line he divided unequally, the difference of the segments is 
equal to double the distance of its middle point from the 
point of section. 

Prop. 40. Given the difference of two straight lines, 
and the sum of their squares ; to find the lines. 
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Lay down AG equal to the given diflference of the 
straight lines. Produce AG indefinitely to i. At the 
point (r, with the straight line (ri, make the angle LGM 
equal to half a right angle. Inflect over AB to the 
straight line GM, and equal to a side of the given square 
that is equal to the sum of the squares of the lines we 
are seeking. At B make the angle GBD equal to half 
a right angle; and let BD meet GL ia D: AD, BD are the 
required lines. 

For, since the angles DOB, GBD are each half a right 
angle, the angle D must be a right angle (I. 32), and the 
lines DG, DB must be equal. Hence (I. 47) the sum of 
the squares of AD, DB is equal to the given square on 
AB, and the diflference of AD, DB is equal to the given 
diflTerence A G. 



Prop. 41. Given the difference of two straight lines, 
and the difference of their squares : to find the lines. 




Let AB be equal to the difference between the lines 
we are seeking ; and let EF be a side of the square that 
is equal to the difference of their squares. 

Construct any right-angled triangle EFR upon EF, 
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having HF for hypotenuse. With A as centre, and a 
radius equal to HF, describe a circle. With B as centre, 
and a radius equal to EH^ describe a circle. Let the3e 
circles intersect in G. From C draw GD perpendicular to 
AB produced : AD, BD are the required lines. 

For, their difference is clearly equal to the given line 
AB, and the difference of their squares is (11) equal to 
the difference of the squares of AG, GB, that is, the 
difference of the squares of HF, EH, that is, the given 
square on EF. 

Prop. 42. To divide a given straight line into two 
parts so that the difference of the squares of the segments 
shall be equal to a given square. 

If we consider AB, in the preceding proposition, as the 
given straight line to be divided, the same proof as the last 
clearly applies: remarking, that the point D will be on 
the base, or the base produced, according as the given 
square on EF is less, or greater, than the square on AB. 

Prop. 43. Given the difference of the squares of two 
lines, and the sum of their squares : to find the lines. 




Let AB be a side of the square that is equal to the 
sum of the squares of the lines we are seeking. Upon 
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AB describe a semicircle. Divide (42) AB in H, so that 
AH* — BH* shall be equal to the given difference of the 
squares of the lines. At H erect HD perpendicular to 
AB, meeting the circumference of the semicircle in D. 
Join AD, BD : AD^ BD are the required lines. 

For, AD* + BII^ = AB\ since the angle, D, in a semi- 
circle is right : and AB" - BD" = AIP - BH\ since DH 
is a perpendicular. That is, the sum of their squares 
is equal to a given square, and the difference of their 
squares is equal to another given square. 

Prop. 44. Given the difference of two straight lines, 
and their ratio : to find the lines. 




Let LM be the given difference of the lines, and 
AF : -4 J? their given ratio. If EFis equal to LM, clearly, 
AF, AE are the required lines. If not, draw any line EH, 
equal to LM, and making any angle with EF. Join FH, 
and produce it indefinitely. Through A draw AD parallel 
to EH, meeting FH in D, Through E draw EB parallel 
to FD, and meeting AD in B : AD, AB are the required 
lines. 
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For, since the quadrilateral EBDH is a parallelogram, 
BD, EH are equal ; therefore BD is equal to the given 
line LM\ and since BE, FD are parallel, 

AD : AB :: AF : AE 
(VL 4), that is, in the given ratio. 



C. G. 4 
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ON LOCI, WITH THEIR APPLICATION TO 
THE CONSTRUCTION OF TRIANGLES. 



Def. The locus of a point may be defined as being 
the straight line or circle to which the point is confined, 
and in any part of which it may lie« subject to certain 
conditions. 

Prop. 45. Given the base, and vertical angle of a 
triangle : to find the locus of the vertex. 




Let AB be the given base, and DEF the given angle : 
it is required to find the locus of the vertices of all triangles 
having this base^ AB^ and their vertical angles equal to 
BEF. 

Upon AB describe (III. 33) the segment -4 CB capable 
of containing an angle equal to BJEF\ the arc A CB is the 
required locus. 
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For, taking any number of points, (7, on this arc, and 
joining CA, CB, the several triangles A CB satisfy the two 
conditions, that they have a common base, and the same 
vertical angle AGB (III. 21), which vertical angle is equal 
to the given angle DEF by construction. 

Examples. 

1. The base EC of a triangle ABC is fixed, the vertical 
angle, -4, is given ; find the locus of the point, />, where AD, 
taken upon BA produced, is equal to AG. 

2. Hence : — Given, of a triangle, the base, vertical angle, 
and the sum of the sides :- construct it. 

3. Find the locus of the point, i), where AD is taken upon 
AB not produced. 

4. Hence : — Given, of a triangle, the base, vertical angle, 
and the difference of the sides : construct it. 

5. A quadrilateral ABCD is inscribed in a circle ; one side 
BG is fixed, while the opposite side AD is variable, but always 
bf constant length ; find the locus of the intersection (1) of BD^ 
AG] (2)oiBA,GD. 

\UBDi A G intersect in P, it will be found without any difficulty that the 
angle BPC is a constant angle, whence the problem is reduced to Prop. 45.] 

Prop. 46. Given the base, and vertical angle pf a 
triangle : to find the locus of 

(a) the intersection of the perpendiculars : 

(b) the intersection of the bisectors of the angles : 

(c) the intersection of the bisectors of the sides. 

(a) Let ABG be a triangle, of which the base jB(7 ia 
fixed, and the angle -4 is given, but varying in position : 
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it is required to find the locus of the point X, where 
the perpendiculars BH, CI, intersect. The quadrilateral 




AILH is clearly circumscribable by a circle; therefore 
(III. 22) the sum of the angles A, ILH is equal to two 
right angles. But, since the angle A is given, the angle 
ILH must be given, that is, equal to the supplement of 
the angle A, But the angle BLG is equal to the angle 
ILH; therefore the angle BLC is equal to a given angle, 
the supplement of A, But the base BG is fixed ; therefore, 
by the preceding, the locus of i is a segment of a circle 
upon BC as base, and containing an angle the supplement 
of the angle A. 

(h) Let BG, as before, be the fixed base, and BAG 
the given vertical angle. Bisect the angles B, G, Ay and 
let the bisectors meet in : it is required to find the locus 
of this point. 

. Produce A indefinitely to N, 
The angle BON is (1. 32) equal to ^ + 1 ; and the 
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A C 
angle CON is equal to -^ + q; therefore the angle BOC 




B C ABC, 

is equal to -4 + -^ + -. But, since (I. 32) -^ + -^ + o ^^ 

equal to a right angle, the angle BOG is, therefore, equal 

A 

to a right angle together with — . Hence the locus of 

is a segment of a circle upon BG as base, and containing 
an angle equal to a right angle together with half the 
given vertical angle. 

(c) Let, as before, BG be the given base, A the given 
vertical angle. Let BE, GF, the bisectors of the sides GAy 
AB, meet in : it is required to find the locus of this 
point. 

Draw OM, ON parallel to AB, AG respectively. 
Produce CM to meet AG in H. 
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Since (19) OF is the third part of CF, and OM is 



A 




drawn parallel to BF; therefore (18, Note) BM is the 
third part of BG. .Similarly CK is the third part of BC. 
Hence Mlf is a fixed segment. 

Again, the angles MON, OHC are equal (I. 29), and 
the angles OHC, BA C are also equal for the same reason ; 
therefore the angle MON is equal to the given vertical 
angle BAC. But the base MN is fixed ; therefore the 
locus of is a segment of a circle upon MN as base, 
and containing an angle equal to the given vertical angle. 

Prop. 47. Given the base and vertical angle of a 
triangle : to find the loci of the centres of the escribed 
circles. 

Let ABC he a triangle, of which the base BC is fixed, 
and the vertical angle .4 is given. 

Let BAG be one position of the triangle, having BG 
for fixed base and the angle BAG equal to the given 
vertical angle. Let the internal bisector of the angle A, 
and the external bisectors of the angles B, G, meet in 
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(see Prop. 23). Siniaarly find the points 0,, 0, : it is 
required, then, to find the loci of these three points. 




Since the external and internal bisectors of any angle 
are at right angles to each other (5), the vertices A, By G, 
of the triangle ABG, are the feet of the perpendiculars 
of the triangle O^O^O^, Again (see Ex. 1, page 24), the 
centre, 0, of the inscribed circle, is the intersection of the 
perpendiculars, BO^, GO^ AO^ of the triangle O^O^O^, 
We have, then, the quadrilateral AOGO^ circumscribable 
by a circle; therefore (III. 21) the angles OO^G, OAG are 
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equal, that is, the angle 00 jO is equal to half the giyen 
vertical angle. 

Similarly the angle OOJS is equal to half the given 
vertical angle. Hence the locus of the points 0^ 0^ is 
clearly the same arc of the segment of the circle described 
upon BC as base, and containing an angle equal to half the 
vertical angle. 

To find the locus of the point 0^ The quadrilateral 
OBOfi being circumscribable by a circle, the angles O^OC, 
BOfi are equal (17). But the angle 0,0(7 is equal to 
the angle O^C, that is, the complement of half the given 
vertical angle, therefore the angle BOJO is given, and 
equal to the complement of half the given vertical angle. 

Hence, the locus oS the point 0, is the arc of the 
segment of the circle upon BG as base, and containing an 
angle equal to the complement of half the given vertical 
angle. 

Prop. 48. Given the base and area of a triangle : to 
find the locus of the vertex. 




Let AB be the given base, and upon it construct the 
parallelogram AEDB equal to double the given area : the 
right line ED, produced indefinitely both ways, is the 
required locus. 
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For, take any point, (7, on ED or ED produced, and 
join AG, DC. The triangle ADG is (I. 41) half the 
parallelogram AEDB, and therefore equal to the given 
area. 

Examples. 

1. Given two sides of a triangle, and the area : construct 
it. 

2. Given, of a triangle, the base, area, and either of the 
base angles : construct it. 

3. Given, of a triangle, the base, area, and the bisector of 
the base : construct it. 

4. Given the hypotenuse of a right-angled triangle, and 
the area : construct it. When are there two solutions ? When 
only one 1 when none 1 

[Lay down the hypotenuse, and find the loons of the vertex as in the 
last proposition. The remainder of the solution is evident from Prop. 2. 

According as half the hypotenuse is greater than, equal to, or less 
than, the distance between the parallels, there will be two solutions, one 
solution, and no solution.] 

Prop. 49. Given the base of a triangle, and that the 
difference of the squares of the sides is equal to a given 
square : to find the locus of the vertex. 

Divide BC, the given base, in H*, so that BH^ - Off* 
shall be equal to the given difference of the squares of the 
sides (42). Erect HL perpendicular to BG, and produce it 
indefinitely : HL is the required locus. 

* The point H will he on the production of the base when a side of 
the given square is taken > the given base. See Prop. 42. 
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For, take any point A on HL, and join BA, CA, 




B He 

Then, since AH is a perpendicular to BC, BA^ — CA^ = 
BH^ — CH^ (11), that is, equal to the given diflference of 
squares. 

Prop. 50. Given the base of a triangle, and that the 
sum of the squares of the sides is equal to a given square : 
to find the locus of the vertex. 
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Let BG be the given base ; and suppose that BA G is 
a triangle having the sum of the squares of the sides BA, 
GA, equal to a given square. Bisect BG in D. Join AD, 

By (12) BA^ + GA^ = 2BD' + 2DA' ; . '. 2BD^ + 2DA^ 
is equal to the given square. But 2BD^ is constant, 
since BD, half the fixed base, is fixed ; therefore (26) DA 
can be found. The locus of A is, then, a circle with 
centre D, and radius DA found as above. 

» 

Prop. 51. Given the base, and ratio of the sides of a 
triangle : to find the locus of the vertex. 




Let -BO be the given base. Divide it (VI. 10) in- 
ternally at E, and externally at F, so that 

AE:EG::AF:FG:: the given ratio. 

Upon EF describe a semicircle : this is the required 
locus. Take any point, A, on the circumference of this 
jsemicircle ; and join BA, GA, FA, and EA. Draw GK, 
CL perpendiculars to AE, AF, respectively, and meeting 
AB in M, N, respectively. 

Since the angles GKA, CLA, KAL are each right, the 
angle KGL must be a right angle (8), and the lines CM, 
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AF, a3 well as the lines OF, AEaie paralleL Hence (VI. 2), 

BE:EG::BA:A]Sr,B.iid 
BF:FG::BA :AM; but 
BE:EG::BF: FG, by construction, 
:.BA :AN::BA :AM; 

and, therefore, AJST, AM are equal. 

But the angle MGN was proved to be a right angle ; 
therefore (2) the three lines AM, AG, AN are equal ; but 
AK is at right angles to CM) therefore (I. 5, 26) it 
bisects the angle BAG \ and therefore (VI. 3) 

BA : AG :: BE : EC:: the given ratio. 

Prop. 52. The bases of two triangles are given in 
magnitude and position, to find the locus of their common 
vertex when the sum of their areas is also given. 




Let BG, ED be the two fixed bases of the triangles 
ABG, EDA, having a common vertex, -4, and the sum of 
their areas constant : it is required to find the locus of the 
point A. Let DE, BG, produced, meet in 0, Take off 
(I 3) OQ, OP equal to ED, BG, respectively. Join QP, 
QA, PA, and OA. 
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The triangles DEA, OQA are equal (I. 38). Similarly 
the triangles BAG, OPA are equal; therefore the quadri- 
lateral OPAQ. is equal to the sum of the triangles ABC, 
J^AE, and therefore of given area. But the triangle OPQ 

18 fixed in every respect ; therefore the area of the triangle 

•'^Q is constant, no matter how the vertex, -4, moves. 

rile locus, then, of the point A is (48) a straight line 

parallel to the fixed base PQ. 

Note. The locus is limited to the intercept of the 
Parallel between the angle GOE, When the common 
^^rtex takes a position, i, outside this angle, it will be 
fo"und that the difference between the areas of the triangles 
^ then equal to the quadrilateral OPA Q. 

Examples. 

1. The bases of three triangles are given in magnitude and 

position ; find the locus of their common vertex when the sum 

of their areas is also given. 

[Leaving the third triangle alone for a moment, it is evident from the 
last that two of the triangles, DBA, BCA, can be reduced to the area of a 
quadrilateral OQPA, of which the triangle POQ is fixed in every way. 

Now taking in the third triangle HGA^ having HG for fixed base, the 
problem is evidently reduced to find the locus of the common vertex A, of 
two triangles PAQ, JIGA\ standing upon two bases PQ, HG, given in 
magnitude and position, and the sum of whose areas is constant. The 
problem is thus reduced to the preceding.] 

2. Given three straight lines in position, find the locus of 

a point the sum of Whose distances from the three lines shall 

be constant. 

[By taking any three equal segments on the three straight lines, the 
problem is reduced to the preceding, at once, by means of Prop. 7.] 

Prop. 53. Given the base of a triangle, in magnitude 
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and position, and the sum of the sides : to find the locus of 
the foot of the perpendicular from either end of the base 
on the external bisector of the vertical angle. 

,R 




Let ABC be a triangle, of which the base BG is given 
in magnitude and position, and the sum of the sides BA, 
AC oi constant length : it is required to find the locus of 
the point, P, where (7P meets AP, the external bisector of 
the angle A, at right angles. Join D, the middle point of 
BC, and P; produce CP meeting BA, also produced, 
in R. 

Since the angles at P are right, and the angles CAP^ 
PAR are equal by hypothesis, the triangles CAP, PAR 
are (I. 26) equal in every respect ; therefore CP, PR are 
equal ; or CR is bisected in P. Hence (1) DP is half of: 
BR, But BRy being equal to the sum oiBA, AC, is there- 
fore given in length: hence DP is given in length. But 
D is a fixed point ; therefore the locus of P is a circle, with, 
centre D, and a radius DP of constant length — ^half the- 
given sum of the sides. 

Example. 
Given the base of a triangle and the difference of the sides. 
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find the locus of the foot of the perpendicular from either end 
of the base on the internal bisector of the vertical angle. 

[This problem is analogous to the preceding. If P be the foot of the 
perpendicular in this case, and D the middle point of the base, it will be 
found without any difficulty that DP is of constant length, that is, equal' 
to half the difference of the sides. The locus is, therefore, a circle.] 

Prop. 54. Given the base of a triangle, and the sum of 
the sides ; to find the locus of the point where the perpen- 
dicular at either end of the base to the adjacent Mde meets 
the external bisector of the vertical angle. 




Let BAG he a triangle of which the base BC is given 
in magnitude and position, and the sum of the sides BA, 
AG also given : it is required to find the locus of the point, 
P, where OP, at right angles to -4(7, meets AP, the 
bisector of the angle GAD^ in P. 

Join BPy and draw PD perpendicular to BA 
produced. 

In the triangles PAD, PA G, the side AP is common, 
and the angles PAD, PDA are equal, respectively, to the 
angles PAG, PGA ; therefore (I. 26) the lines PD, PC are 
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equal, and the lines -4D, A G are also equal Hence BD 
is equal to the given sum of sides. Again (I. 47), 

that is, the diflference of the squares of BP, PC is equal to 
the square on the given sum of sides. But the base BG 
of the triangle BPG is fixed, therefore (49) the locus of P 
is a right line. 

Example. 

Given the base of a triangle and the difference of the sides, 
find the locus of the point where the perpendicular at either 
end of the base to the adjacent side meets the internal bisector 
of the vertical angle. 

[This problem is anaJogons to the preceding. If P be the point, in 
this case, whose locus we require, it will be found that P is the vertex of 
a triangle BCP, whose base BC is fixed, and the difference of the squares 
of its sides is equal to a given square — ^the square on half the given 
difference of the sides. The problem is thus reduced to Prop. 49.] 

Prop. 55. Given, in position, the vertical angle of a 
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tiriangle, and the sum of its sides : to find the locus of the 
centre of the circumscribing circle. 

Let LAM be the fixed vertical angle ; and lei ABC be 
one position of a triangle having the sum of its 'sides BA, 
ilC, of given length. 

Describe a circle about ABC : it is required to find the 
locus of the centre of this circle. 

Bisect the angle BAG by AP, meeting the circum- 
ference in P. Draw PD, PE perpendicular to AB^ A G 
respectively. Join BP, PG. 

In the triangles BPD, GPE, the angles PGE, ABP 
are (17) equal; the angles BDP, PEC are also equal, 
each being right, and the sides BP, PC equal, since they 
subtend equal angles at the point A ; therefore (I. 26) the 
sides BD, CE are equal. Again, in the triangles APD, 
APE, the side AP is common, and the angles PAD, 
ADPsLve equal, respectively, to the two PAE, PEA ; there- 
fore (I. 26) the sides AD, AE are equal. Hence the sum 
of the sides A B, AG is equal to the sum of AD, BD, A C, 
or the sum of ^D, AE, or double AD, Therefore AD is 
given and fixed ; and the angle PAD being fixed, and DP 
being at right angles to AD, the point P is, therefore, a 
fixed point. Hence all circles cutting off portions AB, A C, 
whose sum is constant, pass through two fixed points A, P. 
The locus, then, of the centres of circles passing through 
the two points, is clearly (III. 3), the perpendicular at the 
middle point of the line joining them. 

Prop. 56. Given the hypotenuse of a right-angled 
' triangle: to find the loci of the edges of the squares 
described upon the sides. 

C. G. 5 
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Let ABC be one position of a right-angled triangle, C 
being the right angle, and having the hypotenuse AB 
fixed. 




Describe the squares BGPL, A CQK: it is required to 
find the loci of the different points L, P, Q, K, 

Join BP, AQ. 

Since BG, OP are equal, and the angle BCP a right 
angle, the angle CPB is (I. 32) half a right angle. 
Similariy the angle A QB is half a right angle. Hence, 
in the triangles APB, AQB* there is a common fixed 
base, ABy and also an equal given vertical angle, therefore 
the locus of their vertices is a segment upon AB, and 
containing an angle equal to half a right angle (45). 

To find the loci of the points Z, K, 

Join KGy GL, It is necessary first to prove that KGL 
is a straight line. Since the angles AGK, LCB are each 

* The lines -4C, CP, form (I. 14) one straight line, since the angles 
ACBf BCP, are each right. Similarly BCQ is one straight line. 
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half a right angle, and the angle A GB is aright angle, the 
line AG makes with the lines KG, CX, angles, the sum 
of which is equal to two right angles ; therefore (1. 14) the 
line KGL is a straight one. 

Through 0, the middle point of ABy erect a perpen- 
dicular OJ, meeting KL in J. Then (29) J" is a fixed 
point ; therefore the line BJ is fixed. But the angle BLJ 
is half a right angle ; therefore the locus of i is a segment 
of a circle upon BJ, containing an angle equal to half a 
right angle. Similarly the locus of iT is a segment of a 
circle upon AJ, and containing an angle, also, equal to 
half a right angle. 

Prop. 57. A chord of a given circle subtends a right 
angle at a fixed point: to find the locus of its middle 
point. 

P 





Let P be the fixed point, and the centre of the given 
circle : it is required to find the locus of the middle points 
of all chords, jB(7, subtending a right angle at P. 

Join to D, the middle point of one such chord BG, 
Join OP. 

5—2 



/ 
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Since the angle BPC is right, and D is the middle point 
of BG\ BD, DC, PD are all equal (2). 

And the angle 02) (7 is right (III. 3) ; therefore (I. 47) 
OC --OI>' + DC' = OD* + DP". But 00, being the ra- 
dius of the circle, is always constant; therefore OB^ + DP^ 
is constant. Hence, of the triangle PDO, its base OP is 
fixed, and the sum of the squares of its sides is given; 
therefore (50) the locus of the vertex D is a circle with 
the middle point of OP as centre, and a radius of known 
length. 

Prop. 58. A chord of a given circle passes through 
a fixed point : to find the locus of the intersection of the 
tangents at its extremities. 




FOR BEGINNERS. 69 

Let ABhe any chjord of the circle (0), passing through 
the fixed point Q ; let the tangents at A, B intersect in P: 
it is required to find the locus of the point P. 

Join OP, cutting ^jB in D. Join 0-4, OP; and draw 
PR perpendicular to OQ produced. 

It is necessary, first, to prove that the tangents PA, 
PB are equal, and that OP is at right angles to AB. 

Since the angles PAOy PBO are each right (HI. 18), 
OP' =0A' + AP' ^0B' + BP\ But OA, OB being equal, 
their squares are equal, therefore the squares on -4P, BP 
are equal, and therefore the lines themselves are equal. 

Hence, in the triangles OAP, OBP^ the sides 0-4, AP 
are equal to the sides OB, BP, and the base OP common ; 
therefore the angles OP A, OPB are equal. Hence, again, 
in the triangles PAD, PBD the two sides AP, PD are equal 
to the two BP, PD, and the contained angles APD, BPD 
equal ; therefore (I. 4) the angles ADP, BDP are equal. 
Hence these angles are each right. 

Again, in the triangle OAP, the angle OAP is right, and 
AD is a perpendicular ; therefore (32) OP . OD = OA'. 
But, since the angles PDQ, PRQ are each right, 
0P.OD=OQ, OR (17). Hence OQ.OR^ 0A\. That 
is, OQ . OR is constant. But OQ is fixed, therefore OR is 
given and fixed. But RP is at right angles to OR ; there- 
fore RP is fixed, and is the required locus. 

Prop. 59. To find the locus of the intersection of 
equal tangents to two given circles. 

Let A, B be the centres of (fig. 1) two non-intersecting 
circles ; and suppose that the tangents PL, PM are equal : 
it is required to find the locus of this point P. 
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Join AL, BM, AP, BP. Draw PD perpendicular 
to AB. 





Since the angle ALP is right, PL* = AP'-Ar- 
SimUarly PM* = ifP» - BM\ But PL\ PJP are equal by 
hypothesis; therefore 

AP* - AL* = BP* - BM*, 
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or AP'-BP^^AL'-Bm 

or AD^ - BD" = AU - BM^ (11). 

This shows that the point, P, whose locus we are 
seeking, lies on a straight line perpendicular to the line 
of centres, and dividing this line, A By into segments, 
the difference of the squares of which AB^ — BIf is 
equal to the difiference of the squares of the radii 
AU — BW, Hence, to get the locus, we have only to 
divide AB in i), so that (42) AB^ - BD^ shall be equal to 
the difference of two given squares AU, BM^, and to erect 
a perpendicular at this point, D, It will be readily found, 
then, that if from any point, P, on this straight line, 
tangents, PZ, PM, be drawn to the circles (A), {B), they 
are equal. 

In the case, (fig. 2), where the circles intersect, it is 
clear that ST, the common chord of the circles, produced, 
is the required locus. 

For, taking any point, P, on the production of ST, and 
drawing tangents PL^ PM, to the circles (A), (B), we 
have (III. 36) PS. PT = PU=-PM\ that is, the tangents 
Pi, PJtf^are equal. 

In this case, as in the other, it will be found that the 
line PST divides AB B,t right angles, and into segments 
the difierence of the squares of which is equal to the 
difference of the squares of the radii. 

Example. 

Find the point, the tangents drawn from which to three 
given circles shall be equal. 

[First, find the locus of the intersection of equal tangents to any two 
of the circles by the preceding : then, find the locus of the intersection of 
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equal tangents to any other two of the circles. The intersection of the 
two loci is clearly the required point. 

If the centres of the circles were in a straight line, the point would 
then be at inHnity.] 



Prop. 60. From a fixed point, P, a straight line PQ 
is drawn meeting a fixed indefinite straight line, LM, in Q : 
to find the locus of a point, iJ, (1) where PR . PQ is equal 
to a given square ; (2) where PR : PQ in a given ratio. 





(1) Let (fig. 1) PQ be any straight line divided in R, 
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SO that PR . PQ is equal to a given square : it is required 
to find the locus of the point iJ. 

Draw PT perpendicular to the fixed line LM, At R 
erect R8 perpendicular to PQ, meeting PT in 8. 

Since the angles QRS, QTS are each right, by construc- 
tion, PR.PQ^PS. PT (17) ; therefore PS . PT is equal 
to a given square. But PT is fixed ; therefore PS is deter- 
mined and fixed : and the angle PRS is a right angle ; 
therefore the locus of the point i2 is a circle upon PS 
as diameter. 

(2) To find the locus of the point R, in the second 
case. Draw PT perpendicular to LM. Divide PT in S, 
so that PS : PT in the given ratio (VI. 10). Draw SK 
parallel to LM, and produce it indefinitely: this is the 
required locus. For, evidently (VL 4), every straight 
line PQ, meeting SK in R, is divided, so that 

PR:PQ::PS:PT:: the given ratio. 

Prop. 61. Given the rectangle under two lines, and 
their ratio : to find the lines. 




Let any straight line I>F be divided in E, so that 
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DF : DE in the given ratio. If DF . DE is equal to the 
given rectangle, the problem is solved. If not, take DH, so 
that DJ'. DH is equal to the given rectangle. At F erect 
i^ilf perpendicular to DF. Upon DH describe a semicircle. 
Through the point E draw a straight line parallel to LFM, 
and cutting the semicircle in B, Join DBy and produce 
it till it meets LFM in A : 

DA, DB are the required lines. For (VI. 4) 

DA:DB::DF:DE, 

that is, in the given ratio ; and (17) DA.DB = DF. DR, 
the given rectangle, since the angles DFA, DBH are, 
clearly, each right. 

Example. 

Given, of a triangle, the base, the rectangle contained by 
the sides, and the ratio of the sides ; construct the triangle. 

[By means of the preoeding the problem is reduced to (I. 22).] 

Prop. 62. Given, of a triangle, the base and sum of 
the sides, to prove that, in any position of the vertex, the 
rectangle under the perpendiculars drawn from the ends of 
the base to the external bisectpr of the vertical angle is 
constant, and equal to the difference of the squares of half 
the sum of the sides and of half the base. 

Let ABC be any triangle, of which the base AB 
is given and fixed, and the sum of the sides BC, AC 
constant. From A, B draw the perpendiculars AP, BQ 
to the external bisector of the angle C: then AP.BQ 
is constant and equal to 



( 
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Join D, the middle point of AB, to Q,P; and let PD, 
produced, meet QB, produced, in R. 




Since QR, AP are parallel, the angles BRD, APD are 
equal, as are, also, the angles RBD, PAD (I. 29) ; and the 
sides BD, DA are equal in the two triangles BDR, APD ; 
therefore (I. 26) the sides BR, AP and DP, DR are equal ; 
and, therefore (2), the three DQ, DP, DR are equal. 
Hence the triangle QDR is isosceles, and, therefore (30) 

BQ.BR = DR'-'DB^; 

but BR has been proved equal to AP, and DR to DP; 

therefore 

BQ.AP = DP'-DB'; 

but DP is half the sum of the sides BC, AC (see 
proof, Prop. 53), and DB is half the base, hence, finally, 
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GiTen, of a triangle, the base and difference of the sides, 
to prove that, in anj position of the Tertex, the rectangle 
under the perpendiculars drawn from the ends of the base 
to the internal bisector of the vertical angle is constant, and 
equal to the difiTerence of the squares of half the base and 
of half the difiTerence of the sides. 

[This is the analagons theorem to the pieeedinj;. If AP, BQ be the 
perpendienlars, and D the middle point of AB, then, if DP, produced, 
meet BQ in B, it win be found that the triangle DBQ is isosceles, 
and that 

BD*-DR*=BQ.BB, 

.,..,.(-y_(«j^y. 

(See Example to Prop. 53)]. 



that is. 



Prop. 63. Given the diflFerence of the squares of two 
lines, and their ratio : to find the lines. 




Take any straight line AB, and divide it internally in 
E, and externally in F, so that AE: EB :: AFiFB, so 
as the given ratio (VL 10). If AE^ - EB^ is equal to the 
given difference of the squares, the problem is solved. 

If not, divide AB in E, so that (42) AH^ - BEP is equal 
to the given diflference of the squares. At H, erect HD 
perpendicular to AB, and meeting the semicircle described 
upon EF as diameter in D. Join AD, BD. These are 
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the required lines. For (11), they satisfy the condition 
that AD^ - BD^ = AH' - BH\ the given difference of the 
squares; and (51) AD:BD :: AEiBE, the given ratio; 
since i> is a point both on the perpendicular JDR, and on 
the semicircle EDF. 

Prop. 64. Given the sum of the squares of two lines, 
and their ratio : to find the lines. 




Take AB equal to a side of the square that is equal to 
the given sum of the squares of the lines we are seeking. 
Upon AB, as diameter, describe a circle. Bisect the arc 
AFB in F. Divide AB in E, so that AE : EB in the given 
ratio. Join FE, and produce FE to meet the circumference 
in D, Join AD, BD : these are the required lines. 

For, since the arcs AF, BF are equal, the angles ADF, 
BDF are equal, and therefore (VI. Z)AD:BD:i AE: BE, 
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that is, in the given ratio ; and (I. 47) the sum of their 
squares is equal to the given square on AB. 

Prop. 65. Given, of a triangle, the base, vertical 
angle, and area : to construct it. 



P 




Let AB be the given base, and upon it describe the 
segment BPAy containing an angle equal to the given ver- 
tical angle. 

Since the area of the triangle is given, its vertex must 
lie on a parallel to the base (48). Let this parallel cut the 
circumference of the circle in C, C\ Join BG, A C, BG\ A C 
Either of the triangles ABC, ABC satisfies the conditions 
of the problem. 

For, of either, the vertical angle is given, since its 
vertex lies on the arc BPA ; and its area is given, since its 
vertex is on the parallel CG'. 

Note, There are, in general, two solutions to the above 
problem. For every right line, in general, cuts a circle in 
two points. There is only one solution wnen the parallel 
OC" touches the circle; and no solution when it neithei 
cuts nor touches it. 



FOR BEGINNERS. 79 

Prop. 66. Given, of a triangle, the base, vertical 
angle, and sum of the squares of the sides : to construct it. 



Let AB be the given base. Upon AB describe (III. 33) 
the segment APBy capable of containing an angle equal to 
the given vertical angle. Since the sum of the squares of 
the sides is given, the locus of the vertex is a circle with 
the middle point of J.jB as centre, and a radius of known 
length (50). Let this circle intersect the segment APB 
in a, G\ Join AG, BG, AG\ BG\ Either of the triangles 
ABG, ABG' satisfies the conditions of the problem. 

For, the vertical angle of either of them is given, since 
its vertex lies on the arc APB ; and the sum of the squares 
of the sides is given, since its vertex lies on the circumfer- 
ence of the circle, whose centre is Z>, and radius DG 
or DC. 

Prop. 67. Given, of a triangle, the base, vertical 
angle, and radius of the inscribed circle : to construct it. 

Upon the given base BG describe a segment of a circle 
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containing an angle equal to the sum of a right angle and 
half the given vertical angle (see Prop. 46, b). At 




any point, -ET, in the base, erect HL perpendicular, and 
equal to the given radius of the inscribed circle. Through 
the point L, draw the straight line LOM parallel to the 
base, and cutting the segment of the circle described upon 
BG in 0, M. From either point, 0, draw OD perpendi- 
cular to BC. Join BOy CO ; and with these lines make 
the angles OB A, OCA equal to the angles OBD, OCD, 
respectively. The triangle BAC, thus formed, is the re- 
quired one. 

Join OA, Since the bisectors of the angles of a tri- 
angle meet in a point (22), and the angles jB, (7, are bisect- 
ed by constniction, is the centre of the inscribed circle. 
Hence (46, h) the angle BOC is equal to the sum of a right 
angle and the angle A. But the angle BOC^ by construc- 
tion, is equal to the sum of a right angle and the given 
vertical angle ; therefore the angle A must be the given 
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vertical angle. And clearly OD is equal to LHy the given 
radius. 

Examples. 

1. Find the locus of the middle points of parallel chords 
in a given circle, 

[Consider (UL 3).] 

2. Draw a chord in a given circle, so that it shall subtend 
a right angle at a fixed point, and be parallel to a given 
straight line. 

[The locus of the middle points of all chords parallel to a'given straight 
Ime being determined by the preceding, and the locos of the middle points 
of chords subtending a right angle at a fixed point being determined by 
Prop. 57, the middle point of a chord, satisfying both conditions, is 
therefore determined, and hence the chord itself.] 

3. Given the base, vertical angle, and difiference of the 
squares of the sides : construct the triangle. When are there 
two solutions ? When is there no solution I 

, [Consider Props. 45, 49.] 

4. Given the base, difference of the squares of the sides, 
and sum of the squares of the sides : construct the triangle. 

[This problem may be solved by means of two loci (see Props. 49, 50) ; 
or, the sides may be actually determined by means of Prop. 43, when the 
problem is cleady reduced to (I. 22. )] 

5. Given the base, area, and difference of the squares of 
the sides : construct the triangle. 

6. Given the base, area^ and sum of the squares of the 
sides : construct the triangle. 

[Consider Props. 48, 50.] 

7. Given the base, vertical angle, apd the ratio of the 
sides : construct the triangle. 

C. G. 6 
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[This problem can, of conrse, be solyed by means of the two loci 
determined in Props. 45, 61; bnt the solution is better obtained in the 
same manner as in Prop. 64, whieh latter is clearly a particular case of 
the present example.] 

8. Given the base, area, and the ratio of the sides of a 
triangle : construct it. When is there only one solution 1 

9. Given the base, difference of the squares of the sides, 
and ratio of the sides of a triangle : construct it. When is 
there no solution ] 

[Consider Props. 49, 51.] 

10. Given the base, sum of the squares, of the sides, and 
ratio of the sides : construct the triangle* 

11. Given, of a triangle, the base, vertical angle, and radius 
of any one of the escribed circles : construct it. 

[This problem is solved in a similar manner to Prop. 67.] 



ON MAXIMA AND MINIMA. 

Def, * Of all straight lines, angles, or areas, subject 
to given conditions, the maximum is that which is the 
greateat, the minimum is that which is the least. 

PfioP. 68. To divide a given straight line into two 
parts, so that the sum of the squares of the segments 
(1) shall be given : (2) shall be a minimum. 



* ThoDgh the above definition maj snit aa lax aa the point, line, and 
tinde uo concerned, atill the folloning is a more general one ; — 

When any variable magniijide, linear or otherwiie, nibject to given 
ivnditiona, pasiea gradually from an inereaaing to a decreasing state, or 
vice-veria, it has, in the fanaer eaee, gone through a maximum value, and 
in the latter through a m 




I, respectively, maxima 
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Let AB be the given straight line : it is required (1) 
to divide it into segments, the sum of the squares of which 
shall be equal to a given square X 





At B, with the straight line AB^ make the angle ABL 
equal to half a right angle. With A as centre, and a radius 
equal to a side of the square X, describe a circle. Let 
this circle cut the line BL in K\ join AK] and draw KD 
perpendicular to AB\ AD, BD are the required seg- 
ments. 

In the triangle BDK, the angle B is half a right angle, 
and the angle i) is a right angle; therefore the angle 
DKB is half a right anglfe (I. 32) ; and, therefore, the 
sides DK, DB are equal (I. 6). Again, since the angle 
ADK is right, (L 47) AK^ =^ AD" + DK' ^ AD" + BD". 
But the square on AK is equal to the square, X, by 
construction ; therefore AL^ + BD^ is equal to the given 
square X 

(2) *To divide AB in D so that the sum of the squares 
of AD, BD shall be a minimum. 



* The student can Bolve (2), independently, by means of (II. 9). 
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The construction being the same, we see that the sum 
of the squares of any two segments, AD, BD, varies as the 
square of a line drawn from A to the line BL. Hence, 
when the sum of the squares of AD, BD is a minimum, 
the line AK is a minimum, which is (I. 19) the case 
when AK is perpendicular to BL, The point, D, will 
then become (I. 32, 26) the bisection of AB, that is to say, 
the segments are equal. 

Prop. 69. To divide a given straight line into two 
parts, so that the rectangle under the segments (1) shall 
be given : (2) shall be a maximum. 

Let AB be the given straight line : it is required (1) 
to divide it into segments, the rectangle under which shall 
be equal to a given square. 

Upon AB describe a semicircle, and at any point, E, 
in the base, erect EF perpendicular, and equal to a side 
of the given square. Through F draw FCG^ parallel to AB, 
and cutting the circumference of the semicircle in (7, C^ ; 




draw CD perpendicular to AB : AD, BD are the required 
segments. 
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For, since the angle ^CB is right, being in a semicircle, 
AD .BD^Ciy (10) ; but GD, FE are equal, being the 
opposite sides of a rectangle ; therefore 

AD . BD = FE^ = the given square. 

(2) *To divide AB in D so that AD . BD shall be a 
maximum. 

From the first part, we see that AD , DB varies as the 
square of CD, Hence, the rectangle will be a maximum 
when the square is a maximum ; that is, when GD is a 
maximum ; which, clearly, is the case when C is the 
bisection of the semicircular arc. The point, i?, is, then, 
obviously, the bisection of the line AB. 

Note, (1) may evidently be stated thus : — 

Given the rectangle under two lines, and the sum of 
the lines : to find them. 

(2) clearly shews that : — 

Of all rectangles of a given perimeter, the square has 
the maximum area. 

Example. 

Through a fixed point, within or without a given circle, 
draw a straight line cutting the circle, so that the sum of the 
intercepted segments shall be equal to a given length. When 
would the problem be impossible 1 

[Since the rectangle nnder the segments of the secant is always 
constant (lH. 85, 36), according as the point is within or without the 
circle, the problem is therefore rednced to the above. See Note (1).] 

* This, also, can be solved, independently, by means of (II. 5). 
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Prop. 70. Of all rectangles of a given area, the 
square has the minimum perimeter. 




Let DEFQ be any rectangle of the given area. 
Produce DE to H, so that EH is equal to EF. Upon 
DH, as diameter, describe a semicircle. Let EF, produced, 
meet the semicircle in G. Join DO, HG, OG, being the 
middle point of DK 

Since the angle DGH is right, being in a semicircle, 
and GE is perpendicular to DH, then (10) DE. EH=-GE^. 
But EH, EF are equal, therefore the rectangle DEFG 
is equal to the square on EG. 

Now, the perimeter of the rectangle is, obviously, 
double the line DH, or four times the line OG. But, in 
the right-angled triangle OGE, the hypotenuse 0(7 is 
greater than the side GE (I. 19) ; therefore four times the 
line 0(7 is greater than four times the line GE, in other 
words, the perimeter of the rectangle is greater than the 
perimeter of the square. 
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Prop, 71. Given that the sum of the squares of two 
lines is equal to a given square: to find the lines, 

(1) When the rectangle under them is given. 

(2) When the rectangle under them is a maximum. 




(1) Let AB be a side of the given square ; and upon 
it describe a semicircle. 

The solution of (1) is, then, reduced to find a point D 
in the semicircle, so that AD . BD shall be equal to a 
given rectangle. 

At any point E^ then, in the base AB, erect a perpen- 
dicular EH, and so taken that AB . EH is equal to the 
given rectangle. Through H draw the parallel HDy 
meeting the semicircle in D, Join AB, DB, and draw DF 
perpendicular to AB. 

Since ADB is a right-angled triangle, and DF is 
perpendicular to the hypotenuse, AD,BD = AB.DF 
(see Ex. 15, page 11) ; therefore AD . BD is equal to the 
given rectangle, for DF^ EH are equal, being the opposite 
sides of a rectangle ; and (I. 47) AD^ + BD" = AB", the 
given square ; hence AD, BD are the required lines. 
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To solve (2). From the last, we see that AD . DB 
varies as the square of the perpendicular DF; hence 
AD . DB will be a maximum when DF is a maximum, 
which clearly is the case when D is the point of bisection of 
the semicircle. The lines AD, DB are, then, {III. 29) equal. 

Prop. 72. Given that the sum of the squares of two 
lines is equal to a given square : to find the lines when 
their sum is a maximum. 




Let AB be a side of the square that is equal to the 
given sum of the squares of the two lines we are seeking. 
Upon AB describe a semicircle. 

The problem is, then, reduced to find a point, D, in 
this circumference, so that the sum of AD, BD shall be a 
maximum; for, always, (I. 47) ^i)' + 57)'=.i4£*,since the 
angle in a semicircle is right. 
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Let jy be any point on the circumference. Join Alf^ 
BU, and produce AD' to E^ so that VE^ UB are equal. 
Join EB. 

Since D'Ey UB are equal, the angles D'EB, ITBEaxQ 
equal ; and therefore the angle AD'B is double the angle 
D'EBy that is, the latter angle is half a right angle. Hence 
the point E moves on the arc of a segment of a circle 
upon AB as base, and containing an angle equal to half a 
right angle. The problem is, then, further reduced to 
find the maximum chord, AE, in this circle. This, clearly, 
(III. 15) is the diameter. 

Hence, draw from A the diameter AG^ cutting the 
semicircle in 2). Join BD, 

ADy BDare the required lines; and obviously D is the 
centre of the larger circle, and therefore the bisection of 
the semicircle, whence the lines AD, BD are equal. 

Prop. 73. Given in length the two sides of a triangle : 
to find at what angle they must be placed, so that the 
area may be a maximum. 

Let BG, GA be the two sides. 

Let BCA be a position of the triangle when the sides 

A 
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are at right angles ; and BOA when the sides are at any 
angle : the triangle BOA is greater, in area, than that of 
the triangle BGA! . 

Draw A!D perpendicular to BC. 

Since (7) the area of a triangle is equal the rectangle 
contained by half the base and altitude, the areas of the 
triangles BCA^ BGA! are, respectively, 

\BG . GA, i^BG .A'D. 

But A'D is less than the hypotenuse A'G of the triangle 
A'DG, and therefore less than its equal AG. Hence 
\BG . GA > \BG . A'D, that is, the area of the triangle 
ABG is greater than that of any other triangle BGA\ 
each triangle having the same sides, but the former 
having them at right angles. 

Examples. 

1. Given in length the two diagonals of a quadrilateral, at 
what angle must they be placed so that the area of the 
quadrilateral shall be a maximum ? 

2. Shew that, when the quadrilateral is in a position that 

its area is a maximum, it is immaterial where the diagonals 

intersect. 

[Consider Prop. 7.] 

Pbop. 74. To find a point on an indefinite straight 
line the sum of its distances from two fixed points, lying 
on the same side of the line, shall be a minimum. 

Let XY be the indefinite straight line : it is required 
to find a point, G, in this line the sum of its distances CP, 
GQ, from two fixed points P, Q shall be the least possible. 

Draw PL perpendicular to XF, and produce it, so 
that LM is equal to PL, Join MQ, cutting XY m G\ 
this is the required point. 



92 



GEOMETRICAL EXERCISES 



Join CP, and take any other point, B, in XY. Join 
P5, QB, and MB. In the triangles PLB, MLB, the sides 
PL, LB are equal, respectively, to the sides ML, LB, and 
the contained angles PLB, MLB are also equal, each 
being right ; therefore (I. 4) PB, BMaxe equal. Similarly 




PC, CM are equal. Again, (I. 20) the sum of MB, BQ is 
greater than MQ, that is, the sum of PB, BQ is greater 
than the sum of PC, CQ ; for PB, MB have been proved 
equal, and also PC, CM, 

Note. It is most important to remember that the 
lines PC, CQ, as above, whose sum is a minimum, are 
equally inclined to the indefinite line XY. For, (I. 4) the 
angles PCL, MCL being equal, and the angles MCL, 
^ (7 F being also equal (I. 15), it follows that the angles 
PCX, QCr are equal. 
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Prop. 75. Of all triangles upon the same base and 
having the same altitude, the isosceles has the minimum 
perimeter. 

X C Y 




Let ABC be an isosceles triangle, having the angles 
BA G, ABC equal ; through C draw CXY parallel to AB : 
of all triangles having AB as base, and whose vertices lie 
upon the line XY, ABC has the minimum perimeter. 

For (I. 29) the angles XCA, YOB being equal to the 
equal angles GAB^ CBAy they themselves are equal ; and 
therefore the lines AC, BC are equally inclined to the 
indefinite line XY. Hence (74, Note) the sum of the 
lines ACy BC is a minimum. This, of course, clearly 
proves that the perimeter of the triangle ABC is a 
minimum, for the base AB is constant for every triangle 
satisfying the conditions. 

Prop. 76. Of all triangles having the same vertical 
angle, and whose bases pass through a fixed point situated 
within the angle, that, whose base is bisected at the point, 
has the minimum area. 

Let ABC be a triangle, whose base BC is bisected in 
the point P: its area is less than that of any other 
triangle ABC\ whose base also passes through P, 



94 GEOMETRICAL EXERCISES 

Draw CD parallel to AB, meeting BG in 2>. 




In the triangles BBP, CPD, the sides BP, PC are, 
equal by hypothesis, and the angles BBPy BBP are equal 
respectively, to the angles GDP, PCD (I. 29); therefore 
(I. 26) the triangles BBP, CPD are equal in area. To 
each of these equal triangles add the quadrilateral ABPC, 
whence the triangle ABC is equal to the quadrilateral 
ABDG; therefore the whole triangle ABC is greater 
than the triangle ABC. 

Prop. 77. Of all triangles having the same vertical 
angle and the same altitude, the isosceles has the mini- 
mum area. 

Let ABC he Sin isosceles triangle of vertical angle A, 
and altitude AD: of all triangles having this vertical 
angle and altitude, ABC has the minimum area. 

Let ABC be any other triangle having the sdme 
vertical angle A, and an equal altitude AI)\ Through D 
draw DBF parallel to BC, and meeting AB, AG in E, F, 
respectively. 
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Since ABC is an isosceles triangle, and AD is drawn 

A 




perpendicular to its base, it (L 2C) bisects the base in D, 
Hence (70) the area of the triangle ABC is less than the 
area of EAF, and therefore, obviously, much less than the 
tixesk of ABC. 

Examples. 
h Trove that the portion of a rariable tangent intercepted 
between two fixed tangents to a given circle subtends a constant 
angle at the centre* 

2« Draw a tangent to a given circle so that the triangle 

filmed hy it wi^ two fixed tangents shall be of maximum 

area* 

[Sinee ilie iatetcej^ of the watiahle tangent sabtend« a cotuftaat fmgle 
at the eentxe of the eircle, the triangle, fanned by it as iMuie, and tbe 
centre ae rertez, wiU be a minimnm when tbe triangle ie koncelee (77), 
Cor tiie flltitade of tbe triangle U conetant, being tbe radins of tbe drele* 
It win be founds tben^ tbat wben tbiii triangle in a minimum, tbe upper is 
a ntaiimnm. In tbie case, tbe point of contact of tbe variable tangent 
win be tbe internal bisection of tbe arc formed by tbe fixed tangents.] 

3« Draw a tangent to a given circle so tbat tbe triangle 
formed bj it with two fixed tangents shall be of minimum 



Pn tbis ease tbe point of contact of tbe variable tangent wiU be tbe 
exttRMl bisection of lbs ssc formed by tbe fixed tangents.] 
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Prop. 78. Of all triangles inscribed in a given triangle, 
that, which has the minimum perimeter, is the triangle 
formed by joining the feet of the perpendiculars. 

A 




First, suppose DEF any triangle inscribed in the given 
triangle ABC The conditions, then, necessary, that the 
perimeter of the triangle DEF should be a minimum is 
(74, Note) that the angles EDC, FDB should be equal, as 
well as the angles DFB, EFA, and FEA, DEC. Hence, 
then, the triangle, whose perimeter is a minimum, must 
have its sides equally inclined to those of ABC Now let 
DEF be such a triangle having the angles EDC, FDB, 
etc., etc., equal. Bisect the angles EDF, DEF, and let 
the bisectors DL, EL meet in L. Produce FE, FD 
indefinitely to if, N. Since the angles DEC, AEF are 
equal by supposition, and the angles AEF, CEM (I. 15), 
the angles DEC, CEM axe equal. Hence EC bisects the 
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angle DEM, Similaorly CD bisects the angle EDN. 
Hence the lines CD, GE are two external bisectors of the 
angles DEF, EDF of the triangle DEF. But (23) the 
two external and the third internal bisectors of the angles 
of a triangle meet in a point ; therefore the bisector of the 
angle EFD must pass through G. But this bisector is 
obviously perpendicular to the side AB, since the angles 
EFA, DFB are equal; hence F is the foot of the 
perpendicular from G to the opposite side. Similarly E, D 
are the other two feet, wherefore the triangle DEF is 
that formed by joining the feet of the perpendiculars. 

Prop. 79. To inscribe in a semicircle a rectangle 
(1) of a given area : (2) of a maximum area. 

To solve (1): 

Suppose that ABDG is the rectangle of given area 
inscribed in the semicircle MLN. Through 0, the centre 




of the circle, draw OL at right angles to the diameter MNy 
and cutting the circumference in L, Join BO, AO. 



C. G. 
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The area of the triangle AOB is (I. 41) half that of 
the rectangle ABDG \ therefore its area is known. But 
its sides OA, OB are constant, since OA, OB are radii of 
the circle : hence the problem is reduced to construct the 
triangle AOB^ so that its base, AB, shall be parallel to the 
diameter MN, and its area shall be equal to that of half 
the given rectangle. 

To do this: construct (see Ex. 1, Prop. 48) the triangle 
EFO, having its sides, EF, FG, each equal to the radius 
of the circle, and its area equal to half the given area of 
the rectangle. 

Now, at the centre, 0, draw OB, making the angle 
BOL equal to half the angle EFG ; and draw OA, making 
the angles A OL, BOL equal. Join A, B, where OA, OB 
meet the circumfei^ence. Draw AC, BD perpendicular to 
the diameter il/iV. ABCD is the required rectangle. 

For» clearly (I. 4), the triangles AOB, EFG are equal 
in every respect; therefore AOB is half the given area; 
and since OZ, by construction, bisects the angle BOA, AB 
is (L 4) at right angles to OL : wherefore ABCD is a 
rectangle, and it is also equal to double the triangle AOB, 
or the given area. 

To solve (2). 

Let the construction be the same. If ABCD is a 
maximum, clearly the triangle AOB is a maximum. But 
the triangle AOB is Sk maximum, only, when the sides 
OA, Oi^are at right angles (73). Hence the construction 
is simply to draw OA, OB making the angles AOL,. BOL. 
each half a right angle, and joining A, B, the points where 
OA, OB meet the circumference; and finally drawing 
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AC J BD perpendicular to MN. ABCD is, then, clearly, 
a rectangle, and of maximum area. 

Pbop. 80. Through either point of intersection of two 
given circles, it is required to draw a straight line cutting 
them, so that of the intercepted chords : — 

(1) The rectangle under them shall be given. 

(2) The rectangle under them shall be a maximum. 

Let {A)y {B)y be two circles intersecting m S^T: it is 
required (1) to draw through either point, T, a straight 




7—2 
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line LM^ so that LT . TM shall be equal to a given 
square : (2) so that IT . Tm shall be the greatest possible. 

To solve (1). 

Upon 8T, produced, take TP,so that ST. TP is equal 
to the given square. At the point, P, with the straight 
line PTy make the angle TPM equal to the constant angle 
in the segment SRT. Where PM cuts the circle {B) in 
My join MT, and let MT, produced, cut the circle {A) in X. 
Join L8. 

Since, by construction, the angles SLT, TPMy are 
equal, a circle will pass through the points S, X, P, M (15). 
Hence (III. 35), ST . TP=LT , TM, and, therefore, 
LT. TM is equal to the given square. 

To solve (2). 

From the first part, we see that LT.TM=ST. TP, 
where ST is fixed. Hence, if LT , TM is to be the 
greatest possible, ST . TP must be the greatest possible ; 
that is, TP is to be the greatest possible. 

Now, the angle TPM is constant; therefore TP will 
be the greatest possible when MP, moving parallel to 
itself, becomes the tangent mp. Join mT, and produce it 
to meet the circle (A) inl, IT. Tm is, then, clearly equal 
to ST . Tpy and therefore a maximum. 

Note, It will be found, without any diflBculty, that, 
since mp is a tangent to the circle (jB), Ip is also a tangent 
to the circle (-4) : remembering that the angles Tpm, SIT 
are equal. 
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Prop. 81. Through a point, given in position, either 
within or without a fixed angle, to draw a straight line 
cutting the legs, so that, of the intercepted segments : — 

(1) The rectangle under them shall be given. 

(2) The rectangle under them shall be a minimum. 

Let LAM be the fixed angle, P the fixed point : it is 
required to draw through, P, a straight line BPCt so 
that PB . PC (1) shall be equal to a given square ; (2) 
shall be equal to the least square possible. 

A 




(1) Join PA ; and upon PA^ produced, if necessary, 
take PDy so that, PA . PD shall be equal to the given 
square. 

Upon PD describe the segment of the circle PDB, 
containing an angle equal to the fixed angle PA G. 

Let this segment cut the leg AM in J5. Join J5P, and 
produce it to meet AL inC: 

PB . PC is the required rectangle. For, the angles 
PBDy PAG being equal, by construction, therefore (15,16), 
(III. 35), PB ,PG = PA. PD, that is, the given square. 
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To solve (2).* Clearly PJ5 . PC will be a minimum 
when PA . PD is a minimum, or when PD is a mini- 
mum. Now the angle PBD is constant, hence PD will be 
a minimum when the segment PBD is a minimum, which 
is clearly the case when the circle touches the line AL, 

A 




It will be found that, when this is the case, the triangle 
ABC is isosceles. 

For, the angles PBM, PDB are, then, equal (III. 32), 
and the angles PDB, A CB are also equal ; therefore the 
angles PBM, ACB are equal, or the triangle ABC is 
isosceles. 

* For another solution of this, see the "Educational Times" for 
December, 1881. 
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Examples. 

1. Find the point in the circumference of a circle the 
sum of its distances from two fixed points in the same circum- 
ference shall be a maximum. 

[The solution here is identically the same as that in Prop. 72, with the 
exception that the angle subtended at the circumference of the circle by 
the two fixed points is not necessarily a right angle : the point required is, 
then, the bisection of the arc] 

2. Of all triangles that can be inscribed in a circle the 
equilateral has the maximum perimeter. 

[Considering the foregoing, the reasoning is similar to that used in 
Prop. 87.] 

3. Prove, generally, that of all figures inscribable in a 
circle the regular has the maximum perimeter. 

[The same reasoning here, again, applies.] 

4. Given, of a triangle, the base and vertical angle : 
construct it, so that its area shall be a maximum. 

[The area is clearly a maximum when the vertex of the triangle is the 
bisection of the arc of the segment of the circle described upon the given 
base, and containing an angle equal to the given vertical angle.] 

5. Of all triangles that can be inscribed in a given circle, 
the equilateral has the maximum area. 

[This follows from the foregoing, by a reasoning similar to that in 
Prop. 78.] 

6. Of all figures that can be inscribed in a given circle, 
the regular has the maximum area. 

[The same reasoning here, also, applies.] 
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Prop. 82. The rectangle under the distances of the 
middle point of the base of a triangle from the foot of the 
perpendicular, and the point where the internal bisector of 
the vertical angle meets the base, is equal to the square of 
half the difference of the sides. 




Let ABC be any triangle, of which AG, AH are, 
respectively, the perpendicular, and internal bisector of the 
vertical angle, meeting the base in (?, H, Bisect BC in 
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D : then BG . DH is equal to the square of half the 
diflference of the sides. 

Cut off AE equal to AC, and join CE, meeting AH in 
F. Join DF. 

Since the angles CAF, EAF are equal by hypothesis, 
and the sides CA, AE also equal ; therefore (I. 4) CF, EF 
are equal, and AF is perpendicular to CE, Hence (1) 
DF is parallel to BE, and equal to half of it, that is, DF 
is half the difference of the sides. Again, the angles DFH, 
BAH are equal (I. 29) ; and the angles BAH, CAF are 
equal (hyp.); but the angles CAF, HGF are equal (17), 
since a circle will circumscribe the quadrilateral AFGC (the 
angles AFC, AGG being right); therefore the angles 
DFH, HGF^XQ equal. Hence (31) DG . DH = DF\ that 
is, the square of half the differeuce of the sides. 

Prop. 83. The rectangle under the distances of the 
middle point of the base of a triangle from the foot of the 
perpendicular, and the point where the external bisector 
of the vertical angle meets the base produced, is equal 
to the square of half the sum of the sides. 




Let ABC be any triangle, of which AG, AH are 
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respectively, the perpendicular, and external bisector of the 
vertical angle, meeting the base in G, H : DG . DH is 
equal to the square of half the sum of the sides, D being 
the middle point of the base BG, 

Produce BA^ and take off AE equal to AG, Join GE, 
meeting AH in F. Join FG, DF. 

Since AE, AG are equal, by construction, and the angles 
GAF, EAF are also equal ; therefore (I. 4) CF, EF are 
equal, and AF is at right angles to GE, Hence (1) DF 
is parallel to BE, and equal to half of it, that is, half 
the sum of the sides, for BE is equal to the sum of 
BA, AG. 

Again, the angle AHG is (I. 32) equal to the difference 
between the angles AGG, GAH, that is, the difference 
between the angles AFG, GAH (since the quadrilateral 
AGGF is clearly circumscribable by a circle, the angles 
AGO, AFO are equal (III. 21)), or, the difference between 
AFG, EAF, since GAH, EAF are equal, that is, between 
AFG, AFD (since BE, DF are parallel), which is the 
angle GFD, Hence (31) DG.DH^DF", or the square 
on half the sum of the sides. 

Examples. 

1. Given, of a triangle, the internal bisector of the vertical 
angle, the perpendicular from the vertex on the base, and the 
diflference of the sides : construct it. 

[Let (see fig. Prop. 82) AH, AG, be, respectively, the given internal 
bisector of the vertical angle, and the perpendicular. With these lines 
construct the right-angled triangle AHG, Now, since the difference of the 
sides is given, clearly the rectangle DG . DH is known; and the difference 
of the lines DG, DH, being the fixed line HG, therefore the lines DG, DH 
are (33) determined. Hence the middle point of the base, D, is deter- 
mined. Inflect, then, DF, half the given difference of the sides, over to 
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AHf meeting it in F, The remainder of the solution and after proof is 
dear from Prop. 82.] 

2. Given, of a tiiangle, the external bisector of the 
vertical angle, the perpendicular from the vertex to the base, 
and the sum of the sides : construct it. 

[Consider Prop. 83.] 

Prop. 84. To draw a cominoii tangent to two given 
circles. 




Let J., jB be the centres of the given circles : suppose 
GHd^ common tangent to both circles, G, H being the 
points of contact. Join A G, BH, and draw BE parallel to 
B[G, meeting AG in E] then BEGH is obviously a 
lectangle ; hence EG is equal to the radius of the circle 
(^), and, therefore, AE is equal to the difference between 
the radii of the two circles. And the angle J. ^5 is clearly 
a right angle. Hence, then, the following construction : — 

Upon AB describe a semicircle. From A inflect over 
AE to the circumference, and equal to the difference of the 
two radii. Let AE, produced, meet the circumference of 
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the circle (A) in G. Through B draw ^JJ parallel to AG, 
and meeting the circumference of {B) in H. Join GH, 
BE. 

Since AE is, by construction, equal to the diflFerence 
between AG, BH, and it is also the difference between 
A G, EG, the lines EG, BH are equal ; but they are also 
parallel ; therefore the figure BEGH is a parallelogram, 
and therefore the angles AEB, AGH are (I. 29) equal. 
But the angle AEB is right, being in a semicircle ; there- 
fore the angle EGH is right, whence also the angle BHG 
is right, in other words, GH is a common tangent to the 
two circles. 

Note. If, instead of inflecting AE in the semicircle 
equal to the difference of the radii, we inflected Ae equal 
to their sum, the points g, h, where Ae meets the circle (A), 
and Bh, drawn parallel to Ae, meets the circle (jB), will be 
the contacts of another common tangent gh. The common 
tangents, GH, gh, are called, respectively, direct, and 
transverse. Evidently there are, in general, two of each 
kind. 

Examples. 

1. By means of PropositionR 3, and 59, draw a common 
taDgent to two given circles. 

2. If d denote the distance of the line joining the centres 
of two circles of radii /, r", respectively : prove that t, their 
common tangent, is given from the equation 

3. If two circles touch, prove that the square of their 



FOR BEGINNERS. 



109 



commou tangent is equal to the rectangle under the diameters 
of the circles. 

[Though this follows from the preceding example, immediately, it is 
far better proved purely geometrically.] 

Prop. 85. If, from any point on the circumference of a 
circle, perpendiculars be drawn to two tangents, and to 
their chord of contact, the rectangle under the first two 
perpendiculars is equal to the square of the latter. 




Let ABy A C, be any two tangents to a given circle ; F 
any point on its circumference ; PI), PE, PF, perpen- 
diculars to BG, the chord of contact, A C, AB, respectively : 
then PE.PF^PD". 
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Join pa, PjB, FD, DE, 

Since the angles PDG, PEG are each right, the quad- 
rilateral PECD is circumscribable by a circle; therefore 
(TIL 21) the angles PDE, PCEaxe equal. But the angles 
PCE, PBC are equal (IH. 32) ; therefore the angles PDE, 
PBD are equal. And, since the quadrilateral PFBD is 
circumscribable by a circle, the angles PBD, PFD are 
equal. Hence the angles PDE, PFD are equal. In a 
similar manner, the angles PED, PDF can be proved equal ; 
therefore the triangles PDE, PFD are equiangular ; and 
therefore (VI. 4), 

PE:PD::PD:PF; or PE.PF^PD" (VI. 16). 

Prop. 86. If, from any point on the circumference of a 
circle, perpendiculars be drawn to the sides of an inscribed 
quadrilateral, the rectangle under the perpendiculars to two 
opposite sides is equal to the rectangle under the perpen- 
diculars to the other sides. 
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Let P be any point on the circumference of the circle 
circumscribing the quadrilateral ABCB; and let Pi, PJf, 
PN, PQ, be perpendiculars to the sides of ABCD. Join 
AP,PG,LN,sxi^QM, 

The quadrilaterals LANP, CMPQ are (16) circum- 
scribable by circles, since, of each, their opposite angles are 
together equal to two right angles. 

Hence (III. 21) and (17) the angle LNPis equal to the 
angle LAP, is equal to the angle PCB (or PCQ), is equal 
to the angle PMQ. Similarly it can be shown that the 
angles PLN, PQM are equal. Therefore the triangles 
PLNy PQM are equiangular, whence (VI. 4) 

PLiPNiiPQiPM^OT 
PL.PM^PN. PQ (VI. 16). 

Examples. 

1. Deduce Proposition 85 from Proposition 86. 

2. Find the point jP, in Proposition 85, where FE . PF is 
a maximum. Show that there are two such points. 

3. Find the point jP, in Proposition 85, where FB . FF is 
equal to a given square. 

Prop. 87. If, from any point on the circumference of a 
circle, perpendiculars be drawn to the sides of an inscribed 
triangle, their feet shall lie on the same straight line. 

Let PD, PEy PF, be perpendiculars from any point P 
on the circumference of a circle to the sides, BC, CA, AB, 
respectively, of the inscribed triangle ABC, Join DF, 
FE : EFD is one straight line. Join PA, PB. 
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•he quadrilaterals PFAE, PFDB are (16, 15) clearly 
inuscribable by circles. Therefore (IIL 21) the angles 




AFE, APE are equal Similarly the angles BFD, BPD 
are equal. But, in the triangles BPDy PAE, the angles 
PDJB, PEA are equal, each being right ; and the angles 
PAE,PBG axe equal (17) ; therefore the remaining angles 
BPD, APE are equal; and therefore their equivalents 
jSFZ), AFE are equal But AB is a straight line, there- 
fore (L 15), DFE is a straight Hue. 

Prop. 88. To describe a circle passing through two 
given points and touching 

(1) A given straight line. 

(2) A given circle. 

(1) Let P, Q be the given points, LM the giv< 
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straight line. Join PQ, and let the straight lines PQ, 
LM intersect in C, From CL cut off CD equal to a side 




of the square that the rectangle CP . CQ is equal to 
(II. 14). Describe a circle about the triangle PDQ : this 
circle touches the straight line LM in D, 

For, CP.CQ= CD' ; and, therefore (III. 37), CD is a 
tangent to the circle. 

(2) Let P, Q, as before, be the given points, and (A) 
the given circle. 

Describe any circle, PQEFy passing through the given 

points, and cutting the circle {A) in E, F. Join E, F, 

and P, Q ; and let PQ, EF, produced, meet in C, From 

C draw CD tangent to the circle (A) : the circle described 

about the triangle DPQ is the required one. 

From the circle PFEQ, we have (III. 36) 

CE.CF^CP.CQ) 

and from the circle {A), we have also (III. 36) 

CE.CF^CD'^ 
a G. 8 
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therefore OP. CQ-^CJy; and therefore (III. 37) CD is a 




tangent to the circle described about the triangle PDQ. 
But it is also a tangent to the circle {A) ; therefore the 
two circles touch at this point 2>. 

NoU. Since, in general, two tangents can be drawn to 
a given circle from a given point, it follows that two circles 
can, in general, be drawn passing through two given points 
and touching a given circle. 

Prop. 89. Every circle, pasdb:^ through a given point, 
and having its centre on a given straight line, passes 
also through another fixed point. 

Let P be the given point, LM the given straight line. 
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Draw PD perpendicular to LM, and produce it, cutting off 
DQ equal to PD ; then, Q is a fixed point. 




Take any point C on LM. Join CPy CQ, In the 
triangles CDPy CDQ, the sides CD, DP are equal to 
the sides CD, DQ, respectively, and the angles CDQ, CDP 
are equal, each being right; therefore (I. 4) the sides 
GP, CQ are equal Hence the circle with centre (7, and 
radius CP, passes through the fixed point Q. 

Examples. 

1. Describe a circle passing through a given point, having 

its centre on a given straight Ime, and touching another given 

straight line. 

[From Prop. 89, the problem is seen to be immediately reduced to 
Prop. 88, (1).] 

2. Describe a circle passing through a given point, having 
its centre on a given straight line, and touching a given circle. 

3. Describe a circle passing through a given point and 
touching two straight lines. 

[Since the centre of every circle touching two straight lines lies on a 
bisector of the angle between them, the problem is plainly reduced, finally, 
to Prop. 88, (1).] 

8—2 
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4. Prove that in figures (1), (2), Prop. 88, the points P, Q, 
subtend a maximum angle at the point D*. 

5, Prove that in Prop. 88, (2), the points F, Q, subtend 
a minimum angle at the point 2/, i>' being the point of internal 
contact of the oiroles. 

[The solution of this and the preceding Example follows immediately 
from (L 16) and (m. dl.)] 

6« Prove that the point C, in Prop. 88, (2), is a fixed point. 

?• In the particular case (Prop. 88) where the point Q is 
im the straight line LM^ or on the circumference of the circle 
(J), adve the problems. 

8, In the particular case where the line joining P^ Q is 
parallel to the line LM (Prop. 88, {l)\ solve the problem. 

Prop. 90, From a given point it is required to draw a 
straight line cutting a given circle> so that the intercepted 
chord shall be of given length. 




* Tbd pcant Z)» in tiie gsm oC ths cii«ks» ia stq^posed to bs tbe point 
of qrtmialcwiihwi, 
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Let P be the given point, (0) the given circle, and LM 
the given length. 

Take any chord ABy in the circle (0), equal to LM. 
Draw OH perpendicular to AB, and with this distance as 
radius, and as centre, describe a circle. 

From P draw PD a tangent to this circle, and cutting 
the outer circle in E, F: PEF is the required line. Join 
OD. The chords AB, EF are clearly equally distant from 
the centre 0, and therefore (III. 14) equal. Therefore EF 
is equal to the given length LM. 

Prop. 91. To describe a circle passing through two 
given points, and intercepting a given arc on a given circle. 




Let P, Q be the given points; (0) the given circle: it 
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is required to describe a circle passing through P, Q, and 
intercepting a given arc on the circle (0). 

Describe any circle passing through P, Q, and cutting 
the given circle (0) in Gy F. Let PQ, OF, produced, 
meet in G. Through C draw, by the preceding, a straight 
line CED cutting the circle (0), and so that the inter- 
cepted chord FD shall be equal to the chord that the given 
arc subtends. 

Since (III. 36) CE . GD = CF. CO from the circle (0), 
and OF. GG=CP.CQ from the circle PQFO; therefore 
CE.GD— GP.GQ. Hence (17) a circle will pass through 
PQDE. Evidently this is the required circle, since the 
arc DOPE is equal to the given arc (III. 28). 

Prop. 92. The rectangle contained by the sides of a 
triangle is equal to the rectangle contained by the seg- 
ments of the base, made by the internal bisector of the 
vertical angle, together with the square on that bisector. 
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Let ABC be any triangle, circumscribed by a circle, of 
which AO i& the internal bisector of the angle A^ and 
which meets the base BG m Q, and the circumference 
\xiLxBA.CA^BQ.CQ^QA\ SomBL. 

Since the angles BAL, CA O are equal by hypothesis, 
and the angles BLA, OCA, being in the same s^ment, 
the triangles BAL^ GAG are equiangular. Therefore 
(VL4) 

BA : AL r. AG : AC; 

BA.GA = AL.AG. 

AL.AG = A(?+AG.GL, 

= AG^ + BG.GC (IIL35); 

.-. BA . CA = AG^ + BG. GC. 



:. (VI. 16) 
But (IL 3) 
or, 



Prop. 93. The rectangle contained by the sides of a 
triangle is equal to the rectangle contained by the seg- 
ments of the base, made by the external bisector of the 
vertical angle, less by the square of that bisector. 
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Let ABC be any triaDgle, circumscribed by a circle, of 
■which AG is the external bisector of the angle A, and 
which meeta the base BO, produced, in 6, and the cir- 
cumference in L: BA .AC= BG.GQ- AGP. Produce 
BA, and take AD equal to ^ C. Join GD, BL. 

The triMigles GAG, ADG are, clearly (I, 26), equal in 
every respect; therefore the angles ADG, ACQ are equal. 
But the angles J Ce, ALB are equal (17) ; therefore the 
angles ADG, ALB are equal, whence (15) a circle will 
circumscribe the quadrilateral BLDO. Therefore (IIL 35) 
BA.AD= GA.AL; to each of these equals add ACP, 
and BA.AD + ACf=QA.AL+ACP; 

but GA.AL + AG*=GL.GA (II. 3), 

that is, 6B.G0 (in. 36). 

Hence, BA.AD + AO^=GB.GG, 

or, BA.AC+AG^^GB.GC. 

Prof. 94. The rectangle contained by the sides of a 
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triangle is equal to the rectangle contained by the diame- 
ter of the circumscribing circle and the perpendicular 
from the vertex to the base. 

Let ABC he Si, triangle, circumscribed by a circle, and 
let AH be the perpendicular from the vertex A to the 
base BC. Draw AD the diameter: then 

AD.AH=^AB.Aa 

Join BD. Since the angle in a semicircle is right, the 
angles ABD, AHC are equal. And the angles ABB, ACH 
are equal (III. 21) ; therefore the triangles ABD, ACH 
are equiangular; whence (VI. 4) 

AB : AD :: AH: AC; 

or, AB.AC = AD.AH (VI. 16). 

Example. 

Given, of a triangle, the base, vertical angle, and the 
rectangle contained by the sides : construct it. 

Prop. 95. The rectangle contained by the diagonals of 
a quadrilateral inscribed in a circle is equal to the sum of 
the rectangles contained by the opposite sides. 

Let ABCD be a quadrilateral inscribed in a circle : 
then AG.BD=^AB. CD-\-BC.AD, 

where A G, BD are the diagonals. 

Draw the straight line AE^ meeting BD in J?, and 
making the angle DAE equal to the angle BAG. 

Since the angles ADE, BCA are equal (III. 21), and 
the angles DAE, BAG, by construction, the triangles 
DAE, BAG are equiangular. Therefore (VI. 4) 
AD : DE:: AG:BG; oi (Yl. 16), AD. BG=DE. AG. 
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AgaiD, the triangles BAE, ADC axe clearly equiangular ; 

A 




therefore (VI. 4) AB : BE :: AC : CD; 
or (VI. 16), AB.CD^AC.BE. 

Hence, by addition, AB.CD + AD.BC 

= DE.AC+BE.AC=^{DE+BE)AC=-BD.AC. 

Prop. 96. The circle which passes through the feet 
of the perpendiculars of a triangle drawn from the vertices 
to the opposite sides passes also through the middle 
points of the sides, and through the middle points of 
the upper segments of these perpendiculars. 

Let ABC be any triangle. Draw AO, BE, CI perpen- 
diculars to the opposite sides, meeting in the point P. 
Bisect AP in K, and BG in D. Join D/, KI, DH, KH. 

Since K is the middle point of AP, and the angle 
AIP is a right angle, the lines KI, KP, are equal (2) ; 
therefore (I. 5) the angles KIP, KPI are equal, that is, 
the angles KIP, OPC are equal (I. 15). And since the 
angle BIC is right, and D is the middle point of BG, the 
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angles DIG, DGI are equal. Therefore the sum of the 
angles KIP, DIG, which is DIK, is equal to the sum of 




the angles OPG, DGI, which is clearly a right angle 
(I. 32). Hence, then, the angle DIK is a right angle. 
In a similar manner, the angle DHK can be shown 
to be a right angle: and the angle KOD is a right 
angle by hypothesis; therefore (16) the same circle will 
circumscribe the quadrilaterals DOKI, DHKL Thus, 
then, the circle passing through the feet of the perpen- 
diculars passes also through the middle point of any one 
side, and through the middle point of the upper segment 
of the corresponding perpendicular. That is to say, the 
same circle passes through the feet of the perpendiculars, 
the middle points of the sides, and the middle points of the 
upper segments of these perpendiculars. 

Note, Since this circle passes through these nine 
particular points, it is called the nine-point circle. 
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Prop. 97. Given the base of a triangle, and the 
vertical angle: to find the locus of the centre of the 
nine-point circle. 

Let the construction be the same as in Prop. 96. 

Since the nine-point circle passes through the middle 
points of the sides, its radius is half that of the circum- 
scribing circle of the triangle ABC*. But since the 
base, and vertical angle, of the triangle ABC are given, the 
radius of the circumscribing circle is (III. 33) given. 
Hence DK, which is obviously the diameter of the nine- 
point circle, is equal to the radius of the circle about ABC, 
and therefore given. The locus, then, of the middle point 

* This follows from the fact that if any point, 0, be joined to the. 
vertices of a triangle ABC, and U D, Ey F he the middle points of OA^ 
OB, OCf respectively, then (1) the triangle DEF is the same as that 
formed by joining the middle points of the sides of the triangle. If, now, 
be the centre of the circumscribing circle of the triangle ABC, it is also 
the centre of the circumscribing circle of the triangle DEF, since OD, 
OE, OF are each half, respectively, of the equals OA, OB, OC, The 
truth of the above statement is, therefore, manifest. 

A 




B 

The theorem is, of course, general, for 0, being taken as any special 
point for the triangle ABC, is, also, the corresponding point for the 
triangle DEF. 
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of jD^, is a circle, with centre -D, and radius equal to half 
the given radius of the circle about the triangle ABC. 

Examples. 

1. Prove that the centre of the nine-point circle is the 
point of hisection of the straight line joining the centre of the 
circumscribing circle with the intersection of the perpendiculars. 

[Consider Euclid (HI. 3).] 

2. Show that the triangles (fig. Prop. 96) BFO, OF A, APB 
have the same nine-point circle. 

3. Given, in position, the centre of the circumscribing 
circle of a triangle, the centre of its nine-point circle, and the 
middle point of the base : construct it. 

[Consider Ex. 1, and Prop. 27.] 

4. Given, in position, the centre of the nine-point circle of 
a triangle, the intersection of the perpendiculars, and the 
middle point of the base : construct the triangle. 

Prop. 98. Given the rectangle under two lines and 
the difference of their squares : to find the lines. . 

Let AB be a line, the square on which is equal to the 
difference of the squares of the lines we are seeking ; and 
let the rectangle ABHF^ described upon ABy be equal to 
the rectangle under the lines. Produce BA to Ey so that 
BE.EA shall be equal to the square on AF (33) ; from 
E inflect ED, equal to FA, over to FA produced, meeting 
it in 2) ; join BD : ADy BD are the required lines. 

The rectangle BE.EA=AF^, by construction; but 
AF, ED are also equal, by construction; therefore 

BE.EA=ED\ 



1S6 
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and, therefore (III. 37), ED is a tangent to the cbcimiscrib- 
ing cuncle of the triangle DBA ; but BD is the diameter 
of this circle, since the angle BAD is right ; therefore 
(In. 16) EDB is a right angle. Hence (6) the triangles 
EADy BAD are equiangular; therefore (YL 4) 
AJ)iEDzABiBD,€x(VL\^) AD.BD^AB.ED, or 
AD.BD^AB.AF,^baXiA,iyk% giyen rectan^e. 




Again, since the angle BAD is right, 

5I>* — AD* = JLB" = the given square. 

(The above ^wtjfm I Imve iiUbeii from Laidmer's Eocii^} 
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Prop. 99. ABC is a triangle, of which the base AB 
is divided into m -}- n equal parts \ ii AO contain n equal 
parts, and BO m parts, to prove that, if the vertex C be 
joined to 0, 

mA C» + nBG^ = mAO^ + nBO^ + (m + w) 0C\ 

C 




Draw CD perpendicular to the base. Then (II. 12) 
AC^-^A0^-¥C0^ + 2A0.0D] 
aiid(IL13) BC^ = B0^'\'C0^-2B0.0I). 

Multiplying the first equation by m, and the second 
equation by n, and adding, we have 

mAC* + nBG^ = mAO^ + nBO^ + (m + n) CO^ 

+ 20D{mA0-nB0). 

But mAO obviously equals nBO, since BO contains m, 
and AG n equal parts ; therefore the last term of the 
equation, viz. 2 OD {mAO — nBO), vanishes. Hence 

mAC* + nB(P = mAO'' + nBO'' + (m + ri) 0C\ 



Example. 

Given, in magnitude and position, the base of a triangle, and 
that m times the square of one side together with n times the 
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square of the other is equal to a giren square ; find the locus of 
the Tertex. 

[Dhide the bttse, AB, into m + n equal parts (18) ; let AO eontain n 
parts, BO m parts; then AO, BO, and the pomt O are fixed. Hence, in the 
shore eqostkm, the only unknown qnantity is OC, wM^ can immediately 
he determined. The locos is, then, a eirde, with O as centre, and a 
radios OC ol known length.] 

Prop. 100. The area of a triangle is equal to 

J 8 {s — a) (« — b) {s — c), 

where s is equal to half the perimeter. 

Let (see fig. Prop. 23) O be the centre of the inscribed 
circle, and O^ the centre of the escribed circle opposite the 
angle A, of the triangle ABC. Draw Of, OJP perpendi- 
culars to AB. 

Since (5) the angle OBO^ is right, the sam of the 
angles OBf, O^BF is equal to a right angle ; but the sum 
of the angles OEf, BOf is also a right angle ; therefore the 
angles OJSF, BOf are equal; and the an^es BfO, BFO^ 
are equal, each being right; therefore the triangles 
BOf BO^ are equiangular. Hence (VL 4) 

Of'.BfxiBFiO^, 

or r:«--6::« — ciTj (see Propi 23, Exsw 1, 2), 

thatis» rrj=(«-6) («-c). 

But «r = (« — a) Tj = A, the area of the triangle (see 
Propw 23, Exsw 4, 5) ; therefore 

«.(«~a)rrj = A*; but rrj= («- 6) («-c), 
therefore *. (« - o) (* - 6) (« - c) = A*, 



or A = V«-(«~«) (*-^^) (*-c)- 



EXAMPLES. 

1. If A denote the area of a triangle, and r, r^f r^ fg the 
radii of its inscribed and escribed circles respectively, prove 

that A = Jtv^t^^. 

[Since (see Exs. 4, 5, page 27) 

A = «r = (<-a)ri=(«-6)r2= (8-c)r^, 
.*. A* = « (« - a) (« - h) (« - c) rrTT^r^; 
but (100) A* =*«(«-a) («-6) («-c), 

••, A^=rr^r^r^ or A-Jrr^r^r^], 

2. Prove that - + — + — = - . 

r r T T 

1 'i 'a 

[Since «r=A, therefore - = t • 

r A 

Similarly - = — , , — = -7— , and — = .— ; 
•^ fj A ' rj A r, A 

therefore, by addition, 

1 1^ l_g- a + g-& + 9-c tB~(a + h-¥c ) _ 8^-2g _ g 1 . 
h^^t^^i" ^ ~ -^ " -^ "'A""r''' 

3. If the radii of any two escribed circles are equal, prove 
that the triangle must be isosceles. 

C. G. 9 
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4. Prove that, of an equilateral triangle, the radius of an 
escribed circle is equal to three times the radius of its inscribed. 

5. Prove, geometrically, that if the radius of an escribed 
circle of a triangle is three times the radius of the inscribed, the 
sides of the triangle are in Arithmetical progression. 

[Examples 3, 4, 5 follow clearly from the Algebraical formula, tIz : 
«r=(«-a)ri=(«-6)r,=(«-c)r3; however, to arrive at the solutions by 
this method would be quite absurd.] 

Examples on (I. 4). 

1. In an isosceles triangle, the straight line which bisects 
the vertical angle bisects also the base, and is perpendicular 
to it. 

2. The straight line joining the vertices of two isosceles 
triangles standing on the same base bisects this common base, 
and is at right angles to it. 

3. If the diagonals of a quadrilateral bisect each other, it 
is a parallelogram. 

4. If at the middle point of a finite straight line a 
perpendicular be erected, prove that the distances of the two 
ends of the finite line from any point on the perpendicular are 
equal. 

5. ABC is an equilateral triangle, and points P, Q, R are 
taken on the sides BC, CA, AB, respectively, such that CP, AQ, 
BR are each equal ; prove that the triangle FQR is equilateral. 

6. ABCD is a square and points P, Q, R, S are taken on 
the sides AB, BCy CD^ DA, respectively, such that AF, BQ, 
CRj DS are each equal ; prove that FQRS is a square. 

Examples on (I. 8). 

1 . If the opposite sides of a quadrilateral are equal, it is a 
parallelogram. 
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2. If the middle point of the base of an isosceles triangle 
be joined to the vertex, the joining line bisects the vertical 
angle, and is at right angles to the base. 

Examples on (I. 26). 

1. Prove that the diagonals of a parallelogram bisect each 
other. 

2. Prove that the bisectors of the base angles of an 
isosceles triangle are equal. 

3. If a point be taken equally distant from two parallel 
lines, prove that all straight lines pd^ssing through this point, 
and intercepted between the parallels, ai*e bisected at the point. 



9—2 



i 
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MISCELLANEOUS EXAMPLES. 

1. Prove that the sum of the sides of a quadrilateral is 
greater than the sum of its diagonals. 

[By applying (I. 20) to the fonr triangles of the quadrilateral, it will be 
found that doable the sum of the sides is greater than double the sum of 
the diagonals.] 

2. Prove that if any point be taken within a triangle, the 
sum of the lines joining the point to the vertices is less than 
the sum of the sides of the triangle. 

[Consider I. 21.] 

3. Prove, by showing that the angle BDC is greater than 
the angle BCD in fig. Prop. 13, that the difference of any two 
sides of a triangle is less than the third. 

4. Prove that the angle included between any two straight 
lines is equal to the angle included between any other two lines 
drawn parallel to them. 

5. K the sum of two angles of one triangle be equal to 
the sum of two angles of another, prove that the remaining 
third angles in each are equal. 

[Consider Prop. 1.32.] 

6. Prove that the angle of an equilateral triangle is one- 
third of two right angles, or two-thirds of one. 

7. Hence, trisect a right angle. 

8. Prove that if each base angle of an isosceles triangle be 
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doable the vertical angle, this latter is two-fifths of a right 
angle. 

9. Prove that the diagonals of a rhombus bisect its angles, 
and that they are at right angles to each other. 

10. Of all parallelograms having the same diagonals, prove 
that the rhombus has the maximum area. 

[Consider the preceding Example and Prop. 73.] 

11. Inscribe a rhombus in a given triangle, having two of 
its sides coincident with an angle of the triangle. 

[Bisect any one of the angles, and -where the bisector meets a side, 
draw parallels to the other two sides : the parallelogram thas formed is a 
rhombus.] 

12. Inscribe a square in a right-angled triangle, having 
two of its sides coincident with the right angle. 

[This is solved in the same way as the last.] 

13. Prove that the rectangle contained by a side of this 
square and a line equal to the sum of the sides of the triangle 
is equal to the rectangle contained by the sides. 

14. Inscribe a square in any triangle; and prove that 
the rectangle contained by a side of the square and a line 
equal to the sum of the base and altitude of the triangle is equal 
to the rectangle contained by the base and altitude. 

[Consider Ex. 12 and Prop. 4.] 

15. Prove that the parallelogram BDEF^ in Prop. 1, is 
the greatest that can be inscribed in the triangle ABG, 

16. Prove that three times the sum of the squares of the 
sides of a triangle is equal to four times the sum of the pquares 
of the bisectors. 

[Since (12) the sum of the squares of the sides is equal to twice the 
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square of half the base plus twice the square of the bisector of that base, 
we have, if a, b, c, I, m, n, are the sides and respective bisectors, 

c« + a«=-g. + 2iii«. 
Therefore, by addition, 2 {a'^ + h^+e^=^L±^±L + 2 (P+m«+n«), 



that is, 



3 (a3+6«+c2)=4 {1^+m^+n^),] 



17. Through a given point in the base of a triangle draw 
a straight line cutting off the n*'^ part of the triangle. 




[Let P be the point in the base, BG, of the triangle ABC. Divide 
(18) BC into n equal parts; let CN be one of these equal parts; join 
PAf NA, and draw NQ, parallel to PA, meeting AC inQ; join PQ : the 
triangle PCQ is the n* part of the triangle ABC, For, clearly, the 
triangles NAQ, NPQ are equal (I. 37), and therefore the triangles PCQ, 
NAC are equal; but the triangle NAC is obviously the n* part of the 
triangle ABC, since NC is the n^ part of the base BG, and therefore etc. 
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NoU. When N bisects BG, the triangle PQG is half the triangle ABC, 
And when CN is the third part of BC, the triangle PQC is the third part 
of ABC ; and so on.] 

18. Through a vertex of a quadrilateral draw a straight 
line cutting off the n^^ part of the quadrilateral. 




pjet P be the vertex of the quadrilateral PQRS through which it is 
required to draw a straight line cutting ofif its n*^ part; draw QT, parallel 
to PjB, meeting SR in T; jom FT; take SN the n«» part of ST (18), 
and join NP : the triangle PNS is the required n*^ part. For, the triangles 
PET, PQE are equal, being on the same base and between the same 
parallels, therefore, adding to each the triangle PBS, the quadrilateral 
PQRS is equal to the triangle PST; but the triangle PSN is the n*^ part 
of the triangle PST, sinfife SN is the n*^ part of ST, therefore it is the n* 
part of the quadrilateral. 

Note. JISNia half of ST, the triangle PSN is half of the quadrilate- 
ral. And if £fi^ is the third of ST, the triangle PSN is the third of the 
quadrilateral; and so on.] 

19. Given the hypotenuse of a right-angled triangle, 
construct it so that the three sides shall be in continued 
proportion. 

[Let (see fig. Prop. 6) AB be the given hypotenuse, and suppose that 
ABC is the required triangle, that is, that AB . BC=A C^. Now, if CD is 
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perpendictJar to AB, we know (32) that AB,AD=AC*; therefore 
AB ,AD=AB ,BC; hence AD, BC most be equal. Therefore, since 
AB , BD=BC^j AB , BD must equal AD^t in other words, AB is cut as in 
(XL 11). The solution is, therefore, as follows: — ^Divide AB in D, so that 
AB.BD shall equal AD^; upon AB describe a semicircle; let DC, 
perpendicular to AB, meet the circumference in C; join CA, AC: ABC 
must be the required tiiangle, as the pupil will now easily prove.] 

20. Show that the locus of the centi*es of all circles of a 
given radius touching a fixed circle is a concentric circle. 

21. Describe a circle of a given radius touching two given 
circles. 

22. Describe a circle' of a given radius touching a given 
circle and a given straight line. 

23. Two chords- of a given circle intersect at right angles ; 
prove that the suta of the squares of the four segments is 
equal to the square of the diameter. 

[Draw perpendiculars to the chords from the centre of the circle, when 
the problem is manifest from (IL 9).] 

24. Given, of a triangle, the base, the bisector of the base, 
and the vertical angle : construct it. 

[Since the base and vertical angle are given, the locus of the vertex is 
known. Prop. 45 ; and since the bisector of the base is given, the locus of 
the vertex is a circle, with the middle point of the base as centre, and a 
radius equal the given bisector. The point where these loci intersect is 
the vertex of the triangle.] 

25. Given, of a triangle, the base, the bisector of the 
internal vertical angle, and the vertical angle : construct it. 

[If ABC is the required triangle, and if CD, the internal bisector of the 
vertical angle, meet the circumference of the circumscribing circle again 
in H, and if HK, the diameter of the circle, meet the base, AB, In L, then 
HL . HK is a fixed rectangle. But CH.HDia equal to HL . HK, Prop. 17 ; 
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therefore CH . HD is given, and the difference of CH, HD is also given, 
viz., CD; therefore CH, HD can be determined, Prop. 33. But If is a 
fixed point ; hence the vertex C is determined, and therefore the triangle 
ABC] 




26. Given, of a triangle, the base, the external bisector of 
the vertical arigle, and the vertical angled : construct it. 

[The solution here is the same as in the last^ remembering that the 
points H, K interchange places.] 



27. Through a given point, situated either on the internal 
or external bisector of an angle, draw a straight line, so that 
the segment intercepted between the legs of the angle shall be 
of a given length. 

[By means of the foregoing examples, the problem is reduced to (I. 
23).] 
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28. From any point on the circumference of a circle 

perpendiculars are drawn to two fixed diameters ; prove that 

the line joiuing their feet is always of a constant length. 

[A circle will clearly (15, 16) pass through the centre of the circle, the 
feet of the perpendiculars, and the variable point on the circumference. 
But the diameter of this latter circle is obviously equal to the radius of 
the given circle ; therefore this circle is of a given magnitude; and since 
the angle between the diameters is fixed, the chord subtending this angle 
is therefore always constant (HI. 26).] 

29. A straight line of given length slides between two 

fixed straight lines; find the locus of the intersection of the 

j)erpendicnlars erected to the fixed lines at the points where the 

sliding line meets them. 

[The circumscribing circle of the quadrilateral formed by the fixed 
straight lines and the perpendiculars is clearly given, since the variable 
line is of given length and it subtends a constant angle at the intersection 
of the fixed Hnes. Hence the diameter of this circle is of given length. 
The locus is, therefore, a circle with the intersection of the fixed lines as 
centre, and a radius (the diameter of the constant circumscribing circle) of 
given length.] 

30. Given, of a triangle, the base, in magnitude and 
position, and the vertical angle : construct it so that its vertex 
shall lie on a fixed straight line. When would there be 
only one solution ? 

31. Prove that the circumscribing circle of a triangle and 
the three circles, each passing through the intersection of the 
perpendiculars and the extremities of a side, are equal to one 
another. 

32. Through a given point outside a circle a straight line 
is drawn cutting it in two points; draw through the point 
another straight line cutting the circle, so that, of the inter- 
cepted arcs — 

(1) Their sum shall be given. 

(2) Their diflference shall be given. 
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33. Given, of a triangle, the base, vertical angle, and foot 
of the perpendicular drawn from the vertex to the base: 
construct it. 

34. K a quadrilateral circumscribe a circle, prove that the 
sura of one pair of opposite sides is equal to the sum of the 
other pair. 

35. Draw a straight line cutting two given circles, so that 
the intercepted chords shall each be of a given length. 

[This is reduced to draw a common tangent to two given circles. See 
Props. 90, 84.] 

36. If two circles cut (or touch), prove that their common 
chord (or the tangent at the point of contact) bisects the 
common tangent. 

[This follows immediately from (m. 3C).] 

37. If two circles touch, their common tangent subtends 
a right angle at the point of contact. 

38. If two circles touch, and through their point of 
contact any secant be drawn, prove that it divides the circles 
into similar segments. 

39. If from the extremities of a diameter, AB, any two 
chords Ally BG be drawn in the same semicircle and meeting 
in (7, prove that 

AH.AG-¥BG.BG = AB\ 

[Clearly BH^ AG are two of the perpendiculars of the triangle ABC. 
If CI be the third perpendicular, then (15, 16) the quadrilateral BIHC 
is circumscribable by a circle; 

therefore (17) AH.AC^^AI. AB, 

Similarly BO . BC=BI,BA ; 

.', AH. AC+BG.BC=AB.AI-\-BI.BA^AB^ (11.2).] 
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40. If through either point of intersectioii of two given 
circles any secant be drawn, prove that the triangle, having 
the portion of the secant intercepted between the circum- 
ferences as base, and the other point of intersection as vertex, 
has each angle constant. 

41. Through either point of intersection of two giv^n 
circles draw a secant, so that, of the intercepted chords — 

(1) Their sum shall be equal to a given line. 

(2) Their sum shall be a maximum. 

[By means of the inreceding Example the solntion of (1) follows without 
any difficulty. To solve (2), it must be understood that of all equiangular 
triangles that, which has the greatest base, has also the greatest sides. 
This the pupil can easflj satisfy himself upon. It, therefore, follows that 
the sum of the intercepted chords is a maxiTnum when the sides of the 
triangle formed bj this sum as base, and the other point of intersection 
as vertex, are diameters of the respective circles.] 

42. Given the radii of the inscribed and circumscribed 
circles of a triangle, and an angle : construct it. 

[Since an angle and the drctunscribed circle of the triangle are given, 
a side must be known (m. 26). The problem is therefore reduced to 
Prop. 67.] 

43. Given, of a triangle, the base, either of the base 

angles, and the distance between the centre of the inscribed 

circle and the centre of the escribed touching the base : 

construct it. 

[Consider Prop. 23, Ex. 3.] 

44. Prove that the diagonals of an equilateral and equi- 
angular pentagon cut each other as in (II. 11). 

[For the solution of this consider Prop. 31.] 

45. Divide a right angle into five equal parts. 

46. Prove that the side of an equilateral and equiangular 
hexagon inscribed in a circle is equal to the radius. 
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47. ABODE is an equilateral and equiangular pentagon 
inscribed in a circle : if the diagonals AC^ BD intersect in F^ 
prove that the points F, 0, E are in the same straight line, 
being the centre of the circle. 



48. Given, of a triangle, the base, either base angle, and 




the ratio of the segments of the opposite side made by the 
perpendicular from the given base angle : construct it. 

[Let AB be the given base, BAL the given base angle; divide AB in E^ 
80 that AE : EB in the given ratio of the required segments; through E 
draw EK parallel to AL, and cutting the semicircle described upon AB as 
diameter in Q\ join BG, and let BO produced meet AL in C : ABC is the 
required triangle. For, clearly, AE : EB :: CG : GB (YI. 2) ; and the 
angle AGB is right, being in a semicircle. 

The solution of the above clearly solves the problem in Trigonometry — 
''To divide an angle into two parts so that the ratio of their tangents 
shall be given.'*] 
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49. Find the locus of a point, the ratio of the distances 
of which from two fixed lines shall be in a given ratio. 

[Form any isosceles triangle having the point where the fixed lines 
meet as vertex, and portions of the fixed lines for sides ; divide the hase 
of this triangle into segments, the ratio of which shall he equal to the 
given ratio; the straight line joining this point of section to the intersec- 
tion of the fixed lines is the required locus. The ahove solution evidently 
solves the problem — **To divide an angle into two parts so that the ratio 
of their sines shall be given."] 

50. Find the locus of a point P, such that, if perpen- 
diculars PQ, PR be drawn to two fixed lines J/Z, MN, the 
ratio MQ : MR shall be in a given ratio. 

[Take off portions NM^ LM so that they shall have the given ratio ; join 
NL; draw MP perpendicular to NL, It will be found that the line 
MP is the required locus. 

The above solution evidently solves the problem — "To divide an 
angle into two parts so that their cosines shall be in a given ratio."] 



OAMBBIDOE: PBINTED by C. J. clay, M.A. at the ITNIVEBSITY PBE88. 



lEESSSS UACMILLAN AND CO/S PUBLICATIONS. 



Note-Book on Practical, Solid, or Descriptive Geo- 

MBTBY. By J. H. Edgab and G. S. Pbitchab©. Fourth Edition, 
by A. G. Mbeze. Globe 8vo. 48. Qd, 

Geometrical Note-Book. By F. E. Kitchener. 4to. 2«. 

By J. M. WILSON, M.A. 

Elementary Geometry. Books I. to V. New Edition, 

Enlarged. Extra fcap. 8vo. is, Qd, 

Solid Geometry and Conic Sections. Extra fcap. 

Syo. is, 6d. 

Natural Geometry: an Introduction to the Logical Study 
of Mathematics. With Explanatory Models. By A. Mault. Is. — 
Models to illustrate the above, in Box, 128, 6<f . 

Analytical Geometry, Exercises in. By J. M. Dyer, 

M.A. Crown 8vo. 4«. 6d. 

Plane Trigonometry: Graduated Exercises in. By 
J. Wilson, M.A. and S. a. Wilson, BA. Crown Bvo. is, Qd, 

Elementary Trigonometry. By Rev. J. B. Lock, M.A. 

With Diagrams. Extra fcap. Svo. [Immediately, 

Elements of Descriptive Geometry. By J. B. Millar, 

C.E. Crown 8vo. Qs, 

Conic Sections : a Geometrical Treatise, By W. H. Drew. 
Crown 8vo. Bs. — Solutions, is, 6d. 

Conic Sections. By Charles Smith, M.A. [In the press. 

By S. PARKINSON, D.D., F.R.S. 
Mechanics: an Elementary Treatise on. With 

Examples. Sixth Edition. Crown 8vo. ds, 6d. 

A Treatise on Optics. Third Ed. Crown 8vo. lOs, 6d. 

By Prof. G. BOOLE, F.R.S. 

Differential Equations. Crown 8vo. lis. Supplemen- 
tary Volmne. Crown Bvo. Ss. 6d. 

Calculus of Finite Differences. Crown 8vo. 10*. 6d, 
An Elementary Treatise on Conic Sections and 

Algebraic Geometbt. By G. H. Puckle, M.A. Crown 8vo. Is, 6d. 

Dynamics of a Particle. By Prof. Tait and W. J. Steele. 

Fourth Edition, 8vo. 12«. 

Dynamics of the System of Rigid Bodies. By E. J. 

EouTH, M.A., F.E.S. Third Edition, Enlarged. 8yo. 21«. 

The Elements of Dynamic. By Prof. W. K. Clifford, 

F.R.S. Part I. KINETIC. Crown 8vo. 7«. Qd, 

MACMTriT.AN AKD CQ., LONDON, W.C. 



MBSSSS MAGMILLAN AND CO.'S FUBLICATIONS. 
The Theory of Electricity. By L. Gumming, M.A. With 

rUustrations. Crown Svo. 8«. 6(2. 

Mathematical Problems. Devised and Arranged by 

J. WoLSTENHOLME. Nbw Edition, Enlarged. Svo. 188. 

Units and Physical Constants. By Prof. J. D. Everett, 

F.B.S. Extra fcap. Svo. As. 6(2. 

Elementary Applied Mechanics. By Prof. T. Alexander; 

C.E. Crown Svo. 4«. 6(2. 

By I. TODHUNTER, M.A., F.R.S. 
Euclid for Colleges and Schools. 3«. 6c?. — ^Key, 6«. ^d. 

Mensuration for Beginners. 2^. 6c?. 

Algebra for Beginners. With numerous Examples. 

2«. 6(2.— Key, 6«. 6(2. 

Trigonometry for Beginners. 2«. 6c?. — Key, 8«. ^d. 
Mechanics for Beginners. 4«. ^d, — ^Key, 8«. 6c?. 
Algebra for the Use of Colleges and Schools. 

7«. 6(2.— Key, 10«. 6(2. 

The Theory of Equations. 7«. 6c?. 

Plane Trigonometry. 5«. — Key, 10*. 6c?. 

Spherical Trigonometry. 4«. 6c?. 

Conic Sections. With Examples. 7*. 6c?. 

The Differential Calculus. With Examples. 10*. 6c?. 

The Integral Calculus. 10& ^d. 

Examples of Analytical Geometry of Three Di- 

HENSIONS. As, 

Analytical Statics. With Examples. 10«. ^d. 

By BARNARD SMITH, M.A. 

Arithmetic and Algebra. 10«. ^d. 

Arithmetic for the Use of Schools. 4«. 6c?.— Key, 

8«. 6(2. 

Shilling Book of Arithmetic. For National and Ele- 
mentary Schools. ISmo. Or separately, Part I., 2(2.; Part n., 
3(2. ; Part HI., 7(2. With Answebs, 1«. 6(2. — Key, is. 6(2. 

School Class-Book of Arithmetic. 18mo. 3«. Or ii^ 

Three Parts, 1^. each. — Key, Three Parts, 2«. 6(2. each. 

Arithmetic in Theory and Practice. By J. Brook- 
Smith. Grown Svo. 45. 6(2. 

Exercises in Arithmetic. By S. Pedley. With more 

than 7000 Original Examples and Answers. Grown Svo. 5«. 

Algebraical Exercises. Progressively Arranged. By C. 
A. Jones, M. A. and G. H. Ghetke, M.A. Sixth Edition. ISmo. 2«. 6(2. 

MAGMTTiTiAN AND CO., LONDON, W.G. 
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A CATALOGUE 

OP 

EDUCATIONAL BOOKS, 

PUBUSHXD BT 

MACMILLAN AND CO., 

BEDFORD STREET, STRAND, LONDON. 



ELEMENTARY CLASSICS. 

.i8mo, eighteenpence each. 

A Series of Classical Reading Books, selected from the 
best Greek and Latin authors, with short introductions, and 
full elementary Notes at the end, designed for the use of 
the Lower Forms of Public Schools, of Private Preparatory 
Schools, of Candidates for University Local Examinations, 
and of beginners generally. 

The following are ready or in preparation : — 
VIROXIi. THB PIPTH JBNBID. THE FUNERAL GAMES, 
Edited by Rev. A. Calvkrt, M.A., late Fellow of St John's 
College, Cambridge. [Ready, 

HORAOS. THE FIRST BOOK OF THE ODES, Edited 
by T. E. Page, M. A., late Fellow of St. John's College, Cam- 
bridge, and Assistant-Master at the Charterhouse. [Ready, 

THE SECOND BOOK OF THE ODES. By the same 
Editor. [Ready, 

OVID. SELECTIONS, Edited by E. S. Shuckburgh, M.A., 
late Fellow of Emmanuel College, Cambridge, and Assistant- 
Master at Eton. [Ready, 

OJBSAS. THE SECOND AND THIRD CAMPAIGNS OF 
THE GALLIC WAR, Edited by W. G. Rutherford, 
M.A., Balliol College, Oxford, and Assistant-Master at St. 
Paul's School. [Ready, 

' to,ooo. XI. 81. 



2 MACMILLAN'S EDUCATIONAL CATALOGUE. 

CJD8AR. SCEI^ES FROM THE FIFTH AND SIXTH 
BOOKS OF THE GALLIC WAR. Selected and Edited 
by C. CoLBZCK, M. A., Fellow of Trinity College, Cambridge, 
and Asnstsnt-Master at Harrow. [Ready, 

THUCYDIDES. Book IV. CH. I-^l. THE CAPTURE OF 
SPHACTERIA. Edited by C. E. Graves, M.A., Classical 
Lecturer and late Fellow of St. John's College, Cambridge. 

[Ready. 

HXSKODOTUS Seleetloiui firom Books VII. aad VIII. 

THE EXPEDITION OF XERXES. Edited by A. H, 
Cooks, B.A., FeUow of King's College^ Cambridge. 

[Ready. 

THB GBBBK SIiEOIAO POBT8. Sdected and Edited by Rev: 
HutBEkT Ktnaston, M.A., Principal of Cheltenham Col- 
lege, and formerly FcDow of St. John's College Cambridge. 

[Ready. 

HOmOL'S lUAD. BookXVni. THE ARMS OF ACHIL- 
LES Edited by S. R. James, B.A., Scholar of Trinity Col- 
l^;e, Cambridge, and Assistant-Master at Eton. [In prepetroHon. 

MVY. THE HANNIBALIAN WAR. Being part of the list 
and 22nd boolcs of Livy, adapted for the vae of beginners. 
By G. C. Macavlat, M.A., Assistant - Master at Ri^by, 
formerly Fellow of Trinity College, Cambrk^;e. [Remdy. 

VSBOII.. THE SECOND GEORGIC. Edited by Rev. J. H. 
Skrins, M.A., late Fellow of Merton College^ Oxford, and 
Assistant-Master at Uppingham. [Rsady. 

HOBACB. SELECTIONS FROM THE EPISTLES AND 
SATIRES, Edited by Rev. W. J. F. V. Bak»», B.A., 
Fellow of St John's CoU^e, Cambridge^ and Assistant- 
Master at Marlborough. [Ready. 

PIiATO. EUTHYPHRO AND MENEXENUS Edited by 
C. E. Graves, M.A. [Ready. 

Lnrr. THE LAST TWO KINGS OF MACEDON SCENES 
FROM THE LAST DECADE OF UVY, Selected and 
Edited by F. H. Rawlins, M. A., Fellow of King's College, 
Cambridge, and Assistant-Master at Eton. [In frefianUion^ 



CLASSICAL. 



HO&ACB. THE THIRD AND FOURTH BOOKS OF 
THE ODES, Edited (each book separate) by T. E. Page, 
M. A. [At preparation . 

BORAOB. SELECT ERODES AND ARS POETiCA. 

, Edited by Rev. H. A. Dalton, M.A., late Student of Christ 

Church, Oxford. \In preparation. 

MACMILLAN'S CLASSICAL SERIES FOB 
COLLEGES AND SCHOOLS. 

Being select portions of Greek and Latin authors, edited 
with Introductions and Notes at the end, by eminent 
scholars. The series is designed to supply first-rate text- 
books for the higher forms of Schools, having in view 
also the needs of Candidates for public examinations at the 
Universities and elsewhere. 

The following volumes are ready :— • 

JB8CRYLU8— PER8JB. Edited by A. O. P&ICKAla>, M.A., 
Fellow and Tutor of New CoU^^e, Oxfotd. With Map. 3j. (id. 

OATUIiIiUB— SEIiEOT POBM8. Edited by F. P. SiMPSON, 
B.A., late Scholar of BalHol College, Qfcfotd« New and 

revised Edition. 5^. 

eiOBRO— TRB 8BCOND PHILIPPIO OBATIOIt. From 
the. German of Karl Halm. Edited, with Corrections and 
Additions, by John E. B. Mayok, Piofiessor of Latin in the 
University of Cambridge, and Fdlow of St. John's CdOege. 
New edition, revised. 5/. 

THB CATILINB ORATION8* Flou the GenBMi of Karl 
Hahn. Edited, with Additions, by A. S« WiLKiNS, BIA., 
Professor of Latin at the Owens College, Manchester* New 
edition. 31. 6k/. 

THB ACADBMICA. E^ied by JAMK RUD, M.A., 
Fellow of Cains College, Cambridge. 41. ^d, 

PBO IiBGE MANIUA. Edited after Halm hy Prof. A. S. 
WiLKiNS, M.A. 3j. td. 

PRO R08cno AMBBiNO. £dit»d after Halm. By £. 
H. BONKIM, M.A., late Scholar of Lincohi College^ Oxford. 
Assistant-Master at Uppi^ham. 41. ddT. 

m 8 



4 MACMILLAITS CLASSICAL SERIES. 

DBM08THBNE8~THB ORATION ON THB OROIXTN. 

Edited by B. Drake, M.A., late Fellow of King's College, 
Cambridge. Sixth and revised edition. 45. 6d, 

ADVERSUS LBPTINEM. Edited by Rev. J. R. KlNQ, 
M.A., Fellow and Tutor of Oriel College, Oxford. 4J. 6d. 

EURIPIDES— HIPPOLYTUS. Edited by J. P. Mah AFFY, M.A., 
Fellow and Professor of Ancient History in Trinity College, 
Dublin, and J. B. Bury, Scholar of Trinity College, Dublin. 
Fcap. 8vo. 3J. 6d» 

HOMBR'8 ILIAD— THE STORY OF ACHIIiI.BS. Edited 
by the late J. H. Pratt, M.A., and Walter Lbaf, M.A., 
Fellows of Trinity College, Cambridge. Fcap. Svo. 6s. 

HOMER'S ODYSSEY— THE NARRATIVE OF ODYS- 
8EUS, Books IX.— XII. Edited by JOHN £. B. Mayor, 
M.A. Part I. 3J. 

JUVENAIi— SELiECT SATIRES. Edited by JOHN E. B. 
Mayor, Fellow of St. John's Collie, Cambridge, and 
Professor of Latin. Satires X. and XI. 3;. 6d. Satires XIL — 
XVI. 4^. 6rf. 

LIVY— HANNIBAI.'S FIRST CAMPAIGN IN ITALY, 
Books XXI. and XXII. Edited by the Rev. W. W. 
Cafes, Reader in Ancient History at Oxford. With 3 
Maps. 5j. 

MARTIAIr— SELECT EPIGRAMS. Edited by Rev. H. M. 

Stbphbnson, M.A., Head- Master of St. Peter's School, 

York. 6j. 
OVID— FASTI. Edited by G. H. Hallam, M.A., Fellow of 

St John's College. Cambridge, and Assistant-Master at 

Harrow. With Maps $s. 
OVID— HEROIDUM EPISTULiS XIII. Edited by E. S. 

Shuckburgh, M.A. 4j. 6d. 

PIiAUTUS— MILES OIiORIOSUS. Edited by R. Y. Tyrrell, 
M. A., Fellow and Professor of Greek in Trinity College, Dublin. 

PLINY'S IrETTBRS— Book III. Edited by Professor JOHN E. 
B, Mayor. With Life of Pliny, by G. H. Rendall, M,A, 
Fcap. 8va $s. 
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PROBARTIU8— SBIiBCT POBM8. Edited by J. P. POST- 
GATi^ M.A., Fellow of Trinity College, Cambridge. 6s, 

8AXAUST— CATILINB and JUOURTHA. Edited by C. 
MsRiVALV B.D. New edition, carefiilly reyised and en- 
larged. 4J. 6^. Or separately 2x. 6d. each. 

TACITU8— AORIOOIJk and OBRMANIA. Edited by A. J. 
Church, M.A., and W. J. Brodribb, M.A. Translatoxs of 
Tacitus. New edition, y, 6J, Or separately 2s, each. 
THB ANNAIi8| Book VI. By the same Editors. 2s. td. 

TBRBNCB— HAUTON TIM0RUMBN08. Edited by E. S. 
Shuckburoh, M.A., Assistant-Master at Eton College. 3^. 
With Thmslation, 4J. 6^. 

PHORMIO. Edited by Rev. John Bond, M.A., and 
A. S. Walpole, B.A. 4j; 6d, 

THUCnn>ISB8->THB 8ICILIAN BXPBDITION^ Books 
VI. and VII. Edited by the Rev. PsRCiVAL Frost, M. A., 
^ Late Fellow of St John's College, Cambridge. New edition, 
revised and enlarged, with Map. $1. 

ZBNOPHON— kBIiIANICA, Books I. and II. Edited by 
H. HAiLSTONBy B.A.9 late Scholar of Peterhonse, Cambridge. 
With Map. 4i.6t/. 

CYROPJBDIA, Books VII. and VIII. Edited by Alfred 
Goodwin, M.A., Professor of Greek in University College, 
London, ^s, 

BIEMORABIIiIA SOORATI8. Edited by A. R. Cluer, 
B.A. Balliol College, Oxford. 6s, 

THB ANABASIS— Books I. to IV. Edited vith Notes by 
Professors W. W. GoobwiN and J. W. White. Adapted to 
Goodwin's Greek Grammar. With a Map. Fcap. 8vo. Sj. 

7^ fottcwing an in preparation .•— 
JBSOHINES-IN CTESIPHONTBM. Edited by Rev. T. 
GwATKiN, M. A., late Fellow of St. John's College, Cambridge. 

[In the press, 

CICERO— PRO P. SBSTIO. Edited by Rev. H. A. HoldeNi 
M.A., LL.D., Head-Master of Ipswich School, late Fellow 
and Assistant Tntor of Trinity College, Cambridge* Editor 
of Aristophanes, &c 



t ^iACUtLLAf^S CLASSICAL SfiRtES. 

DBMOSTaaifBS^FIRSV PBIItlPKO. Edited bf ReV. 
T. OwATKiN, M.A., kte Fellow of St. John's College^ 

Cambridge. 

BURIPIDB8<-8SUBOT PIiAYS, by varions Editors. 

ALiCESTlB. Edited by J. E. C. Welldon, 6. A., Fellow 
and Lecturer of King's College, Cambridge. 

BACCHAB. Edited by 3E. S. Shi^ckbvroh, M. A., Assistant- 
Master at Eton College. 

MEDEA. Edited by A. W. Vbrrall, M.A., Fellow and 

Lecturer of Trinity College^ Cambridge. 

HERODOTUB-THB IBTV ASTON OF aBBBOBBTZBKXBS 

Books VII. and VIII. Edited by Thomas Cass, M. A., 
formerly Fellow of Brasenose College, Oxford. 

HOMER'S ODYSSEY-Books ZXI.-ZXIV. Edited by S. G. 
Hamilton, B.A., Fellow of Hertford Coll^;e, Oxford. 

HOBAOB—THB ODBS. Edited by T. £. Page, M. A., Master at 
Charterhouse and late Fellow of St. John's College, Cambridge. 

THE 8ATIBES, Edited by ARTHUR Palmer, M.A., 
Fellow and Professor of Latin in Trinity College, Dublin. 

THE EPISTLES AND ARS POETIOA. Edited by Pro- 
fessor A. S. WiLKINS, M.A. 

I.IVY— Books ZXIII. and BJCIV. Edited by Rev. W. W. 
Capes, M.A. 

Books II. and III. Edited by Rev. H. M. STEPHENSON, 
M.A., Head-Master of St. Peter's School, York. 

THE SAMNITB WARS as narrated in the First Decade of 
Livy. Edited by Rev. T. H. Stokoe, D.D., Lincohi College, 
Oxford, Head- Master of King's College School, London. 

LYSIAS— SELECT ORATIONS. Edited by E. S. Shuck- 
BURGH, M.A., Assistant-Master at Eton College. [/« the press, 

»I.ATO.— MENO. Edited by E. S. Thompson, M.A., Fellow 
of Christ's College, Cambridge. 

APOLOGY AND CRITO. Edited by F. J. H. Jenkinson 
M.A., Fellow of Trinity College, Cambridge. 

THB REBUBLIC. Books I.— V. Edited by T. H. 
Warren, M.A., Fellow of Magdalen College, Oxford. 



CLASStdAt. 9 
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PLUTARCH --LIF£ OF TH£MI8T0CLBg. Edited 
by Rev. H. A. Holden, M.A., LL.D., Editor of "Aiis- 
tophaoes" late Fellow and Assistant Tutor of Trinity College, 
Ca.nbridge, &c. [I^ the press. 

BOPHOOIiEB— ANTiGONB. Edited by Rev. John Bond, 

M.A., and A. S. Walpole, M.A. 
BUETONIU8— XiIVBS OF THB ROMAN BMFRROR8. 

Selected and Edited by H. F. G. Bramwell, B.A., Junior 
Student of Christ Church, Oxford. 
TACIT^8~TH£ HISTORY. Books I. aad II. Edited by C, 
£. Gjlaves, M.A. 

TBUCYDIDBS—Books I. uid II. Edited by li. BkOAMUMT, 
M.A., Fellow of Exeter Coiluge, Oxford, and Asdistant- 
Master at Eton College. 

Books IV. aad V. Edited by C. E. Graves, M. A., Classical 
Lecturer, and late Fellow of St. John's College, Cambridge. 

VI&GIIt— iEMBID, II. aad III. The Narrative of y^tneas. 
Edited by E. W. IIowsoN, B.A., Fellow of Kin^j's 
College, Cambridge. 

Other vohums luiil follow, 

CLASSICAL. 

mBenniAJn—THB EUMENIDES, The Greek Text, with 
Inirodaction, English Notes, and Verse Translation. By 
Bernard Drake, M.A., late Fellow of King's College, 
Cambridge. 8vo. 5r. 

THE ORESTEIAN TRILOGY. Edited, with Introduction 
and Notes, by A. O. Pkickard, M.A., Fellow and Tutor of 
New College, Oxford. 8vo. [In preparation. 

ARATVS— THE SAVES AND WEATHER-FORECASTS 
OF ARATUS, Translated with Notes by E. Poste, M.A., 
Oriel College, Oxford. Crown 8vo. 3^. 6d. 

kSilSTQiThM^AN INTRODUCTION TO ARISTOTLRS 
RHETORIC, With Analysis, Notes, and Appendices. By 
Vl M. CoFE, Fellow and Tutor of Trinity College, Cambridge, 
8vob 14J. 
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ARIBTOTLB Continued-^ 

ARISTOTLE ON FALLACIES; OR, THE SOPHISTIC I 
ELENCHL With Tnmslation and Notes by £. Posts, M. A. 
Fellow of Oriel College^ Oxford. 8vo. 8^. &/. 
THE METAPHYSICS. BOOK L Translated by a Cam- 
bridge Graduate. 8vo. 5j. \Book II, tn preparation, 

THE POLITICS, Edited, after SusEMiHL, by R, D, HiCKS, 
M.A., Fellow of Trinity College, Cambridge. 8vo. 

[In preparation, 

THE POLITICS, Translated by J. E. C. Welldon, B.A., 
Fellow of King's College, Cambridge. 8vo. [In preparation, 

ARISTOPHANB8— 7W^ BIRDS, Translated into English 
Verse, with Introduction, Notes, and Appendices, by 6. H. 
Kennedy, D.D., Regius Professor of Greek in the University 
of Cambridge. Crown 8to. fif. Hdp-Notes to the same^ 
for the use of Students, is, 6d, 

ARNOLD—^ HANDBOOK OF LATIN EPIGRAPHY-- 
By W, T. Arnold, B.A. [In preparation, 

THE ROMAN SYSTEM OF PROVINCIAL AD- 
MINISTRATION TO THE ACCESSION OF CON- 
ST A NTINE THE GREAT, By the Same Author. 

Crown 8vo. 6j. 

"Ought to prove a valuable handbook to the Student of Roman His- 
tory. "—Guardian. 

BELCHER— i-^O^T" EXERCISES IN LATIN PROSE 
COMPOSITION AND EXAMINATION PAPERS IN 
LATIN GRAMMAR, to which is prefixed a Chapter on 
Analysis of Sentences. By the Rev. H. Belcher, M.A., 
Assistant Master in King's College School, London. New 
Edition. i8mo. \s. 6d, 
Key to the above (for Teachers only), 2s. 6d, 

SHORT EXERCISES IN LATIN PROSE COMPOSI- 
TION, PART II., On the Syntax of Sentences, with an 
Appendbt mcluding, EXERCISES IN LA TIN IDIOMS, 
drv, l8mo. 2s, 

BImAOKIK^GREEK and ENGLISH DIALOGUES FOR 
USE IN SCHOOLS AND COLLEGES. By John 
Stua&t Blackiz, Professor of Greek in the Univerdty of 
Edinburgh. New Edition. Fcap. 8vo. ax. M 



CLASSICAL. 



OICBRO— THE A CADEMICA, The Text revised and explained 
by James Reid, M.A., Fellow kA Caius College, Cambridge. 
New EditioiL With Translation. 8yo. \In the press. 

THE ACADEMICS. Translated by James S. Reid, M.A. 
8vo. 5j. 6^. 

SELECT LETTERS'-Mttx the Edition of Albert 
Watson, M.A. Translated by G. E. Jeans, M.A., Fellow 
of Hertford College, Oxford, and Assistant-Master at Hailey- 
bury. 8va lar. 6d, 

0&A88Z0AL WBITER8. Edited by J. R. Green, M.A. 
Fcap. 8vo. If. 6d. each. 

A Series of small volumes upon some of the principal 
classical writers, whose works form subjects of study in our 
Schools. 

EURIPIDES. By Professor J. P. Mahaffy. [Ready, 

LIVY. By Rev. W. W. Capes, M.A. [Ready* 

SOPHOCLES. By Pro£ Lewis Campbell. [Ready. 

VERGIL. By Professor H. Nettleship. [Ready. 



\ r. 



DEMOSTHENES. By S. H. Butcher, M.A. 
CICERO. By Professor A. S. Wilkiws. 
TACITUS. By Messrs. Church &Brodribb. (preparaiion, 
HERODOTUS. By James Bryce, M. A. J 

miBtMlB— PRACTICAL HINTS ON THE QUANTITATIVE 
PRONUNCIATION OF LATIN, for the use of Classical 
Teachers and Linguists. By A. J. Ellis, B.A., F.R.S. 
Extra fcap. 8vo. 4j. (id. 

miQJMA.NT>— EXERCISES ON LATIN SYNTAX AND 
IDIOM, ARRANGED WITH REFERENCE TO 
ROBY'S SCHOOL LATIN GRAMMAR. By E. B. 
England, M.A., Assistant Lecturer at the Owens College, 
Manchester. Croi^Ti 8vo. 2s. 6d. — Key, 2s. 6d. 

BURIPIDB8— MEDEA. Edited, with Introduction and Notes, by 

A. W. Verrall, M.A., Fellow and Lecturer of Trinity 

College, Cambridge. 8vo. 'js. 6d, 
Q^T>miB—TH£ PROBLEM OF THE HOMERIC POEMS 

By W. D. Geddes, Professor of Greek in the University of 

Aberdeen. 8va 141. 



td BtACMlLLAirs EBDCAtldllAL CAtALOGUt. 

0]UU>8TONa—Works by the Rl Hon. W. E. OLADSTOifi;» M.P. 
JUVENTUS MUNDI; or, Gods and Men of the Heroic 
Age. Second Edition. Crown 8vo. lOr. ^, 

THE TIME AND PLACE OP HOMER. Crown 8vo. 

A PRIMER OP HOMER, i8mo. \u 

€K>ODWIM— Works by W. W. GooDWDf, Flrafessor of Greek in 

Harvard University, U.S.A. 

SYNTAX OF THE MOODS AND TENSES OP THE 
GREEK VERB. New Edition, revised. Crown 8to. 

AN ELEMENTARY GREEK GRAMMAR. NewEditioB. 

revised. Crown 8vo. 6f. 

" It is the best Greek Graamar o£ its sin in the EnxKdi languatge." — 
Ath^iu^um. 

A GREEK GRAMMAR FOR SCHOOLS, [In the press. 

GOODWIN-^ TEXTBOOK OF GREEK PHILOSOPHY, 
based on RiTTER and Preller's '*Historia PhiJosophiae 
Graecae et Romanae." By Alfred Goodwin, M.A. Fellow 
of Balliol Coli^e, Oxford, and Professor of Greek in 
University College, London. 8vo. [In pr^aratum, 

ttKBBNWOOD— riZS ELEMENTS OP GREEK GRAM" 
MAR, including Accidence, Irregular VerbSy and Ftindples of 
Derivation and Composition ; adapted to the System of Crude 
Forms. By J. G. Greenwood, Principal of Owens College, 
Manchester. New Edition. Crown 8vo. 5^. 6d, 

HERODOTUS, Books \,—m,^THE EMPIRES OP THE 
EAST. Edited, with Notes and Introductions, by A. H. 
Sayce, M.A, Fellow and Tutor of Queen's College, Oxford, 
and Deputy -Professor of Comparative Philology. 8va 

{Im preparaHom. 

HOUGSOlf -MYTHOLOGY FOR LATIN VERSIFICA- 
TION. A brief Sketch of the Fables of the Andents, 
prepared to be rendered into Latin Verse for Sdiooki ^ 
P. Hodgson, B.D., late Provost of Eton. New Edition, 
revised by F. C. Hodgson, M.A i8ma ^r. 



UOUMR^TffS ODYSSEY. Done into English by S. H. 
BuTCHKK, M.A., Fellow of University College, Oxford, and 
Andebw Lang, M.A., late Fellow of Meiton College, Oxford. 
Second Edition, revised and corrected, with new Introduction, 
additional Notes and Illustrations. Crown 8va iQr. 6ti, 
THE ILIAD, Edited, with Introduction and Notes, by 
Walter Leaf, M.A., Fellow of Trinity College, Cambridge, 
and the late J. H. Pratt, M.A. 8vo. \In preparation, 

THE ILIAD, Translated into English Prose. By Andrew 
Lang, M.A., Walter Leap, and Ernest Myers, M.A., 
Crown 8vo. [In preparation. 

BOBDO&IO DXOTXOITABT. For Use in Schools and Colleges. 
Translated from the German of Dr. G. Autenreith, with 
Additions and Corrections by R. P. KsBP, Ph.D. With 
numerous Illustrations. Crown 8vo. 6i. 

HORACB— 7W^ WORKS OF HORACE, rendered into 
English Prose, with Introductions, Running Analyas^ and 
Notes, by J. Lonsdale, M.A., and S. Lss, M.A. Globe 
8vo. 3^. (xL 

THE ODES OF HORACE IN A METRICAL PARA- 
PHRASE, By R. M. Hovsndbn. Extra fcap. 8vo. 4/. 

HORACES S LIFE AND CHARACTER. An Epitome of 
his Satires and Epistles. By R. M. Hovsndbn. Extra fcap. 
8vo. 4f . td, 

WORD FOR WORD FROM HORACE. The Odes 
literally Versified. By W, T. Thornton, C.B. Crown 
8vo. ^s, 6d, 

JA0K80N— /7J?^r STEPS TO QREEIC PROSE COM- 
POSITION, By Blomfield Jackson, M.A. Assistant- 
Master in King's College School, London. New Edition 
revised and enlarged. i8mo. is, 6d. 

KEY TO FIRST STEPS. i8mo. y, 6ti. 

SECOND STEPS TO GREEK PROSE COMPOSITION, 
with Miscellaneous Idioms, Aids to Accentuation, and Exami- 
nation Papers in Greek Scholarship. i8mo. 2j. 6^. 

^*^ A Key to Second Steps, for the use of Teachers only, is in 
preparation. 



12 MACMILLAN'S EDUCATIONAL CATALOGUE. 

JAOKBON— ^ MANUAL OF GREEK PHILOSOPHY. By 
HsNRY Jackson, M.A., Fellow and Pnelector in Ancient 
Philosophy, Trinity College, Cambridge. [In pnparaHon. 

JBBB— Works by R. C Jebb, M.A., Pxofesaor of Greek in the 
University of Glasgow. 

THE ATTIC ORATORS FROM ANTIPHON TO 
ISAEOS. 2 vols. Sva 2p. 
* SELECTIONS FROM THE ATTIC ORATORS, ANTI- 
PHON, ANDOKIDES, LYSIAS, ISOKRATES, AND 
ISMOS, Edited, with Notes. Being a companion yolome to 
the preceding work. 8vo. \2s, 6d, 

THE CHARACTERS OF THEOPHRASTUS. Translated 
from a revised Text, with Introduction and Notes. Extra feap. 
8vo. dr. 6a. 

A PRIMER OF GREEK LITERATURE. iSmo. is. 
A HISTOR Y OF GREEK LITER A TURE. Crown 8vo. 

[In preparation, 

JUVSN Air— THIR TEEN SA TIRES OF JUVENAL. With 
a Commentary. By John E. B. Mayor, M.A., Kennedy 
Professor of Latin at Cambridge. VoL I. Second Edition, 

enlarged. Crown 8vo. *!s. 6d. Vol. 11. Crown 8vo. lOf. 6d. 

** For really ripe schoUuship, extensive acquaintance with Latin litera* 
ture, and familiar knowledge of continental criticism, ancient and modern, 
it is unsurpassed among English editions." — Prop. Conington in 
"Edinburgh Rkvikw. 

'* Mr. Mayor's work is beyond the reach of conmion literary compli- 
ment. It is not only a commentary on Juvenal, but a mine of the most 
valuable and interesting information on the history, social condition, 
manners, and beliefs of the Roman worid during the period of the early 
Empire."— Prof. Nettleship in the "Academy. * 

" Scarcely any valuable contribution that has been hitherto made to the 
interpretation of Juvenal will be soueht in vain in this conunentaiy .... 
This excellent work meets the long felt want of a commentary to Juvenal 
on a level with the demands of modem science."— Prop. Friedlandbr 

OP KdtNIGSBBRG IN *' JaHRESBBRICHT FOr AlTERTHUMSWISSENSCHAPT.** 

WlE:9^Kr— MANUAL OF ANCIENT GEOGRAPHY, 
Translated from the German of Dr. Hbinrich Kibpbrt. 

Crown 8vo. 5j. 

" Dr. Kibpbrt actually succeeds, brief as Ms manual necessarily is, 
in making ancient geography interesting, connecting it, as he is able to 
give, from his extensive and scholarly knowledge, with the natural features 
of the various countries, the movements and modem conditions. The 
arrangement is methodical, and the treatment clear and well defined; the 
connexion between the old world and the new being alwajrs kept in 4ght 

by comparison of ancient and modem names Altogether the 

EngUsh Edition of the * Manual ' will form an indispensable companion to 
Kiepert's ' Atlas ' now used in many of our leading schools."-— Thb Tuf' 
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KYKABTOK-'EXIiJ^CISES IN THE COMPOSITION OF 

GREEK IAMBIC VERSE by Translations -from English 

Dramatists. By Rev. H. Kynaston, M.A., Principal of 

Cheltenham College. With Introduction, Vocabulary, &c. 

Extra Fcap. 8vo. 4/. td, 

KEY TO THE SAME (for Teachers only). Extra fcap. 
8vo. 4r 6^. 

EXEMPLARIA CHELTONIENSIA : sive quae discipulis 
suis Carmina identidem Latine reddenda proposuit ipse red- 
didit ex cathedra dictavit Herbert Kynaston, M.A.| 
Principal of Cheltenham College. Extra fcap. 8vo. $s, 

ImIVY, Books XZI.— XZV. Translated by A. J. Church, 
M.A., and W. J. Brodribb, M.A. [In Reparation, 

ImImOYI^—THE AGE OP PERICLES. A History of the 
Politics and Arts of Greece from the Persian to the Pelopon- 
nesian War. By William Watkiss Lloyd. 2 vols. Svo. 21s, 

VLAOMllMl^AXi—PJRST LATIN GRAMMAR, By M. C. 
Macmillan, M. a., late Scholar of Christ's College, Cambridge, 
Assistant Master in St Paul's SchooL iSmo. ix. 6^. 

MAaAFFY—- Works by J. P. Mahaffy, M.A., Professor of 
Ancient History in Trinity College, Dublin. 
SOCIAL LIFE IN GREECE ; from Homer to Menander. 
Fourth Edition, revised and enlarged. Crown Svo. 91. 
RAMBLES AND STUDIES IN GREECE. With Illus- 
trations. Second Edition. With Map. Crown Svo. lar. dd. 
A PRIMER OF GREEK ANTIQUITIES. With Illus 
trations. i8mo. \s. 
EURIPIDES. i8mo. u.tid. 

MARSHAI.L — i4 TABLE OF IRREGULAR GREEK 
VERBS^ classified according to the arrangement of Curtius 
Greek Grammar. By J. M. Marshall, M.A., one of the 
Masters in Clifton College. Svo. doth. New Edition. \s. 

VliLWTlAJM— SELECT EPIGRAMS FROM MARTIAL FOR 
ENGLISH READERS. Translated by W. T. Webb, 
M.A., Professor of History and Political Economy, Presidency 
College, Calcutta. Extra fcap. Svo. 4J. 6d. 
BOOKS /. AND //. OF THE EPIGRAMS. Edited, 
with Introduction and Notes, by Professor J. E. B. Mayor, 
M.A. Svo. [In the press. 
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VATOR (JOHN B. B.j^F/UST GREEK READER, Edited 
after Karl Halm, with Corrections and large Additions by 
Professor John E. B. Mayor, M.A., Fellow of St John's 
College, Cambridge^ New Edition, revised. Fcap. 9vo. 4/. 6^ 

BIBLIOGRAPHICAL CLUE TO LATIN LITERA- 
TURE Edited after HtfBNBB, with large Additions by 
Professor John E. B. Mayor. Crown 8vo. loj. 6<i 

MATOR (JOBBPH B.^-GREEUT FOR BEGINNERS, By 
the Rev. J. B. Mayor, M.A., Professor of Classical literature 
in King's College, London. Part I., with Vocabnlary, u. 6d, 
Parts II. and III., with Vocabulary and Index, 3^. 6d, com- 
plete in one VoL New Edition. Fcap. 8vo. doth. 4/. 6d. 

mJLON— PARALLEL EXTRACTS arranged for translation 
into English and Latin, with Notes on Idioms. By J. E. 
Nixon, M.A., Fellow and Classical Lecturer, King's College, 
Cambridge. Part I. — Historical and Epistolary. New Edition, 
revised and enlarged. Crown 8vo. ^r. 6d, 

FBII.B (JOHN, M.A.)—AN INTRODUCTION TO GREEK 
AND LATIN ETYMOLOGY. By John Pbile, M.A., 
Fellow and Tutor of Christ's CoU^e, Cambridge, formerly 
Teacher of Sanskrit in the University of Cambrid^. Third 
and Revised Edition. Crown 8vo. los, 6d, 
A PRIMER OF PHILOLOGY. By the same Autiior. 
i8mo. li. 

FHRYNICHUS — ByTHERPOBD— r^^e NEW PHRY- 
NICHUS; being a Revised Text of the Ecloga of the Gram- 
marian Phrynichus. With Introduction and Commentary by 
W. GuNioN Rutherford, M.A., of Balliol College, Oxford^ 
Assistant Classical Master in St. Paul's School. 8vo. i&f. 

PINDAB— THE EXTANT ODES OF PINDAR. Tianskted 
into English, with an Introduction and short Notes, by Ernkst 
Myers, M.A., Fellow of Wadham College^ Oxford. Crown 
8vo. 5j. 

VULTO-'THE REPUBLIC OF PLATO. Tkanslated into 
English, with an Analysis and Notes, bf J. Ll. Datiks, 
M.A., foid D. J, Vaughan. M.A. New Editioiiy with 
Vignette Portraits of I4ato and Socxate% cngmvod by JxiNS 
from a» Antique Gem. i8ma 41. M 
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P&^TO CtnUnued-^ 

PHLLEBUS, Edited, with Introdiifitioiik and Notes, by 
HxNxy Jackson, M.A^ Fellow of Tiiaity College,Cambridge. 
Syo. [Inpr^rgtum, 

THE TRIAL AND DEATH OF SOCRATES. Being 
the Euthyphro, Apology, Crito, and Phaedo of Plato. Trans* 
lated by F. J. Church. Crown 8vo. 41. 6rf. 
FHyED0,—E6Mtd by R. D. Archer-Hind, M.A., Fellow 
. of Trinity College, Cambridge. 8vo. [In preparation, 

PIULUTUB— 7*^^ MOSTELLARIA OF PLAUTUS. With 
Notes, Piolcgomena, and Excursus. By WiLUAM Ramsay* 
M.A,, £anuerly Professor of Humanity in the University of 
Glasgow. Edited by Professor Gkorgx G. Ramsay, M.A., 
of the University of Glasgow. 8va 14J. 

POSTOATB AND VINCB— ^ DICTIONARY OF LATIN 
ETYMOLOGY, By J. P. Postgati, M.A., and C. A. 
ViNCE, M.A. \In preparation, 

POTTB (A. MT., M. A.)— Works by ALEXANDER W. POTTS, 

M.A., LL.D., late Fellow of St John's CoUejge, Cambridge ; 
Head Master of the Fettes CoU^e, Edinburgh. 
HINTS TOWARDS LATIN PROSE COMPOSITION. 
New Edition. Extra fcap. 8va 31. 

PASSAGES FOR TRANSLATION INTO LATIN 
PROSE. Edited with Notes and References to the above. 
Extra fcap. 8vo. 2s, 

LATIN VERSIONS OF PASSAGES FOR TRANSLA- 
TION INTO LA TIN PROSE. For Teachers only. 2j. 6^. 
EXERCISES IN LATIN PROSE. With Introduction, 
Notes, &c., for the Middle Forms of Schools. Extra fcap. 8vo. 

\In preparation. 

ROBT— ^ GRAMMAR OF THE LATIN LANGUAGE^ &om 

Plautns to Suetonius. By H. J. Roby, M.A., late Fellow of 

St. John's College, Cambridge. In Two Farts. Third Edition. 

Part L containing : — Book I. Sounds. Book H. Inflexions. 

Book IIL Word-formation. Appendices. Crown 8va 8f. 6<£ 

Part n. — Syntax, Prepositicms, &c. Crown 8vo. lor. ^d. 

"Marked by the dear and praedied iniisht o£ a master in hb art. 
A book that woold do honoiir to any eonntry. ^-nATHxiunric. 

SCHOOL LATIN GRAMMAR. By the same Author. 
Crown 8vo. 5J, 
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RVnn—SYJVTIfETIC LATIN DELECTUS. A First Latin 
Construing Book arranged on the Principles of Grammatical 
Analysis. With Notes and Vocabulary. By E. Rush, B.A, 
With Preface by the Rev. W. F. Moulton, M.A., D.D. 
Extra fcap. 8vo. 2f . 

-KQtn^FlRST STEPS TO LATIN FROSE COMPOSITION. 
By the Rev. G. Rust, M.A. of Pembroke College^ Oxford, 
Master of the Lower School, King's CoUege^ London. New 
Edition. i8ma i^. 6</. 

RUTHBRFORD— ^ FIRST GREEK GRAMMAR. By W. G. 
Rutherford, M.A., Assistant Master in St Paul's School, 
London. New Edition, enlarged. Extra fcap. 8vo. is. 6d. 

SEEI.EY— ^ PRIMER OF LATIN LITERATURE. By 
Prjf. J. R. Ssslsy. [In Reparation, 

BIMPBON—PROGRESSIVE EXERCISES IN LATIN 

PROSE COMPOSITION. Founded on Passages selected 

from Cicero, Livy, &c. By F. P. Simpson, B.A., of Balliol 

College^ Oxford, \In preparation. 

TtLClTJJ%--'C0MPLE7E WORKS TRANSLATED. By A. J. 
Church, M.A., and W. J. Brodribb, M.A. 
THE HISTORY. With Notes and a Map. New Edition. 
Crown 8yo. 6j. 

THE ANNALS. With Notes and Maps. New Edition. 
Crown 8vo. 1$. 6d. 

THE AGRICOLA AND GERMANY. WITH THE 
DIALOGUE ON ORATORY. With Maps and Notes. 
New and Revised Edition. Crown 8va 4j. 6dC 

fHBOCRITUS, BION and MOSCBUS. Rendered into 
English Prose with Introductory Essay by Andrew Lang, 
M.A. Crown 8va dr. 

THB0PHRABTU8^7'/S CHARACTERS . OF THEO- 
PHRASTUS. An English Translation from a Revised Text 
With Introduction and Notes. By R. C Jsbb, M.A., Pro- 
fessor of Greek in the University of Glasgow. Extra fcap. 8vo. 
dr. fidC 



CLASSICAL 17 



THRINO— Works by the Rev. £. Thring, M.A., Head- 
Master of Uppingham SchooL 

A LATIN GRADUAL. A Fint Latin Constndng Book 
for Beginners. New Edition, enlarged, with Coloured Sentence 
Maps. Fcap. 8vo. 2J. 6d^ 

A MANUAL OF MOOD CONSTRUCTIONS. Fcap. 
Sva u. 6ei. 
A CONSTRUING BOOK. Fcap. 8va aj. &i. 

VIROII.— 7W^ WORKS OF VIRGIL RENDERED INTO 
ENGLISH PROSE^ with Notes, Introductions, Running 
Analysia^ and an Index, by Jamxs Lonsdale, M.A., and 
Samusl Lks, M.A. New Edition. Globe 8vo. 3^. 6^. 

WBVI^— FIRST LESSONS IN GREEK. Adapted to Good- 
win's Greek Grammar, and designed as an introduction to the 
Anabasis of Xenophon. By John Williams White, Ph.D., 
Assistant-Prof, of Greek in Harvard University. Crown 8vo. 

WILKINB—il PRIMER OF ROMAN ANTIQUITIES. By 
A. S. WiLKiNS, M.A., Professor of Latin in the Owens 
College, Manchester. With Illustrations. i8mo. u. 

WRIOHT^Works by J. Weight, M.A., late Head Master of 
Sutton Coldfield School. 

HELLENIC A; OR, A HISTORY OF GREECE IN 
GREEK, as related by Diodorus and Thucydides ; being a 
First Greek Reading Book, with explanatory Notes, Critical 
and HistoricaL New Edition with a Vocabulary. Fcap. 8vo. 
3i. 6d. 

A HELP TO LATIN GRAMMAR; or. The Form 
and Use of Words in Latin, with Progremve Ezerdsei. 
Clown 8vow 4^. 6dl 

THE SEVEN KINGS OF ROME. An Easy Narrative* 
abridged from the First Book of Livy by the omission of 
Difficult Passages; being a First Latin Reading Book, with 
Grrammatical Notes and Vocabulaiy. New and revised 
edition. Fcap. 8vo. y. 6^, 

FIRST LATIN STEPS; OR, AN INTRODUCTION 
BY A SERIES OF EXAMPLES TO THE STUDY 
OF THE LATIN LANGUAGE. Crown 8vo. 5/. 

h 
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ATTIC PRIMER. Arranged for the Use of Beginners. 
Extra foap. 8va 4c 6^ 

A COMPLETE LATIN COURSE, comprisnig Rules with 
Examples, Exerdses, both Latin and English, on each Rule, 
and Vocabularies. Crown 8yo. 4/. ^ 

MATHEMATICS. 

AIKT— Works by Sir G; B. Airy, K.C.B.^ Astronomer 
Royal ! — 

ELEMENTARY TREATISE ON PARTIAL DIF- 
FERENTIAL EQUATIONS. Designed for the Use of 
Students in the Universities. With Diagrams. Second Edition. 
Crown 8vo. 5^. 6d, 

ON THE ALGEBRAICAL AND NUMERICAL 
THEORY OF ERRORS OF OBSERVATIONS AND 
THE COMBINATION OF OBSERVATIONS. Second 
Edition, revised. Crown 8va 6f. 6iL 
UNDULATORY THEORY OF OPTICS. Designed for 
the Use of Students in the University, New Edition. Crown 
8vo. 6f . 6d. 

ON SOUND AND ATMOSPHERIC VIBRATIONS. 
With the Mathematical Elements of Music Designed for the 
Use of Students in the Universi]ty. Second Edition^ Revised 
and Enlarged. Crown 8vo. gs. 

A TREATISE OF MAGNETISM. Designed fi;)r the Use 
of Students in the University. Crown 8vo. gs. 6d. 

AIRY {OBWlVIIf9>^A TREATISE ON GEOMETRICAL 
OPTICS, Adapted for the use of te Higher Classes in 
Schools. By Osmund Airy, B.A., one of the Mathematical 
Mastem in Wellington College. Extra f cap. 8vo. ^. 6d. 

MA-YMA'^THE ELEMENTS OF MOLECULAR MECHA- 
NICS. By J08BPH Bayma, S.J., Professor <tf Fbilosophy, 
Stonyhurst College. Demy $voi. uu. €d. 

B^ABlMWr—AN ELEMENTARY TREATISE ON PLANfi 
TRIGONOMETRY. With Examples. ByR. D. Bxasley, 
M.A., Head Master of Grantham Grammar School Fifth 
SditioB, reivbed and enlarged. Cronvn 8va p. 6d. 
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MhAOMMTiUn (nVQM) r^ MIMM^NTS QF PLANE 
TRIGONOMETRY^ for the use of the Junior Class in 
MatbfinuUios in the Uniyersity of Glasgow. By Hugh 
Bu^CKBUSjr, M* A., Proicssor of Mathematics in the Univer- 
sity of Glasgow. Globe Svo. i^* td, 

BOOLE— Works by G. BooLE, D.C.L., F.R.S., late Professor 
of Mathematics in the Queer's Vniyersity, Ireland 
A TREATISE ON DJFFERMNTfAl EQUATIONS. 
Third and Revised Edition, Edited by I.Tqphuvtiw* Crown 
Sva 14J. 

A TREATISE ON DIFFERENTIAL EQUATIONS. 
Supplementary Volume. Edit^sd by L Tqphuntv^ Qown 
8vo. &r. 6d. 

THE CALCULUS OF FINITE DIFFERENCES, 
Crown 8vo. lor. 6d. Third Edition, icvised by J. F. 

MOVLTON. 

BHOOK-BMITH {Z.\^ ARITHMETIC IN THEORY AND 
PRACTICE, By J. Brook-Smith, M.A., LL.B., St. 
John's Coli^e* Cambridge ; Barri;^ter*at-l4iw ; qm of the 
Masters of Cheltenham College* l^ew Edition^ i^vised. 
Crown Syg, 4/. 6(/. 

CAMBRIDOB BBNATB-HOVBB PROBUBMB wbA BIDERS 
WITH 80LVTIONSi<- 

i%^t^--^PROBLEMS AND RIDJUUL By A. G. Grwnhill, 
M.A. Csown Svo. &r. 6^. 

i^tfi^^OLUTIONS OF SENATE' ffOt^S P»OJ$LEMS. 
By die Mathematical Moderaton end EsamiiMrf, Edited by 
J. W. L. Glaishsr, M.A., Fellow of Trinilgr College, 
Qipbridge. i2s, 

eANDXiBR^JKSZiP TO ARITHMETIC. Designed for the 
use of Schoob. By H. Candlsr, M.A.y MatJiematical 
Master of Uppingham School. Extra fcap. Svo u. td. 

^VLJUYW^^AN ELEMENTARY TREATISE ON THE 
PLANETARY THEORY. By C. H. H. Cheynk, M.A., 
F,R.A.S. With a Collection of PrQbliepivi. Second Edidon. 
Crown 9vo. 6#. ^, 

b 2 
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OBRISTIB— ^ COLLECTION OF ELEMENTARY TEST 
QUESTIONS IN PURE AND MIXED MATHE- 
MATICS; with Answers and Appendices on Synthetic 
Division, and on the Solution of Numerical Equations by 
Homer's Method. By Jambs R. Ch&istis, F.R.S.» Royal 
Military Academy, Woolwich. Crown 8vo. &f. 6<£ 

CLIFFORD— r^uS ELEMENTS OF DYNAMIC An In- 
troduction to the Study of Motion and Rest in Solid and Fluid 
Bodies. By W. K. Clifford, F.R.S., Professor of Applied 
Mathematics and Mechanics at University College, London* 
Part I.— KINEMATIC. Crown 8va 7j. 6d. 

OmmuXQ^AN INTRODUCTION TO THE THEORY 
OF ELECTRICITY. By LiNNiBUs Cumming, M.A., 
one of the Masters of Rugby School With UlustrationSi 
Crown 8vo. &r. 6<£ 

OXrmB^RTnON— EUCLIDIAN GEOMETRY. By FRANas 
CuTHBSRTSON, M.A., LL.D., Head Mathematical Master of 
the City of London SdiooL Extra fcap. Svo. 4s, 6d, 

DALTON^Works by the Rev. T. Dalton, M.A., Assistant 
Master of Eton Coll^;e. 

RULES AND EXAMPLES IN ARITHMETIC. NewEdi. 
tion. i8mo. 2s» 6d, [Ansivers to the ExamfUs am appended. 
RULES AND EXAMPLES IN ALGEBRA. Ptet L 
New Edition. i8mo. 2t. Part II. i8ma 2s. 6d. 

JiAY-^PROPERTIES OF CONIC SECTIONS PROVED 
GEOMETRICALLY. Part L, THE ELLIPSE, with 
Problems. By the Rev. H. G. Day, M.A. Crown 8va 
V.6d. 

-OKTSW—GEOMETRICAL TREATISE ON COMIC SEC- 
TIONS. By W. H. Drsw, M.A., St John's College^ 
Cambridge. New Edition, enlarged. Crown 8vo. y. 
SOLUTIONS TO THE PROBLEMS 2N DREWS 
CONIC SECTIONS. Crown 8vo. 4/. drf. 

nri-EJL— EXERCISES IN ANALYTICAL GEOMETRY. 
Compiled and arranged by J. M. Dyer, M.A., Senior 
Mathematical Master in the Classical Department of Cheltenham 
College. With Illustrations. Crown 8vo. 4;. (id. 
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BDOAR (J. H.) and PRITCHARD (O. %.\— NOTE-BOOK 
ON PRACTICAL SOLID OR DESCRIPTIVE GEO- 
METRY. Containing Problems with help for Solutiong. By 
J. H. Edgar, M.A., Lecturer on Mechanical Drawing at the 
Royal School of Mines, and G. S. Pritchard. Fourth 
Edition, revised and enlarged. By Arthur Meeze. Globe 

nSRRBRS— Works by the Rev. N. M. Ferrers, M.A., Fellow 
and Master of Gonville and Caius Coll^;e, Cambridge. 

AN ELEMENTARY TREATISE ON TR J LINEAR 
CO-ORDINATES, the Method of Reciprocal Polars, and 
tiie Theory of Projectors. New Edition, revised. Crown 8vo. 
ts.6d. 

AN ELEMENTARY TREATISE ON SPHERICAL 
HARMONICS, AND SUBJECTS CONNECTED WITH 
THEM, Crown 8vo. ^s, 6d. 

FROST— Works by Percival Frost, M.A., formerly Fellow 
of St. John's Coll^;e, Cambridge ; Mathematical Lecturer of 
King's College. 

AN ELEMENTARY TREATISE ON CURVE TRA- 
CING, By Percival Frost, M.A. Sva 12s, 

SOLID GEOMETRY. A New Edition, revised and enlarged 
of the Treatise by Frost and Wolstbnholmx. In a Vols. 
VoL I. 8vo. 1^1. 

aODFRAT—- Works by HuGH GoDFRAY, M.A., Mathematical 
Lecturer at Pembroke College, Cambridge. 

A TREATISE ON ASTRONOMY^ for the Use of Colleges 
and Schools. New Edition. 8vo. izr. 6^ 

AN ELEMENTARY TREATISE ON THE LUNAR 
THEORY, with a Brief Sketch of the Problem up to the time 
of Newton. Second Edition, revised. Crown 8vo. 55. 6d, 

UMMUIKQ— AN ELEMENTARY TREATISE ON THE 
DIFFERENTIAL AND INTEGRAL CALCULUS, for 
the Use of Colleges and Schools. ByG. W. Hemming, M.A., 
Fellow of St John's College, Cambridge. Second Edition, 
with Corrections and Additions. 8vo. % 



22 MACMILLAN'S ED0CATIO!! AL CATALOGUE. 

^AC&%on — GEOMETRTCAl COmC SECTIONS. An 
Elementary Treatise in which the Conic Sections aie defined 
as the Plane Sections of a Cone, and treated bj Che Method 
of Projection. By J. Stua&T JacKSon, M. A., late Fellow oi 
GonviUe and Cains CoU^e, Cambridge. CroWn 8va 4/. 6d, 

JBLLBT (JOHN H.)-- ^ TREATISE ON tHE THEORY 
OP FRICTION. By John H. Jkllbt, B.D., Senior Fellow 
of Trinity CoUega^ Dublin; Presidait of the Royal Irish 
Academy. 8n>. Sr. &/. 

JONBd «^ CtLKTHlA^ALGEBRAICAL EXERCISES, 
ProgfTMrively Arranged. By the Rev« C A. JoNXS, M.A., and 
C. H. CHKYN1^ M.A., F.KA.S., Mathematical Mastcis of 
Westminster School New Edition. i8mo. 2J. 6a, 

KBLXiAlfD amd TAIT^INTRODUCTION TO QUATER- 
NJONSf with nmneroiis examples. By P. Ksliand, M.A., 
F.R.S. ; and P. G. Tait, M.A., Professors in the department 
of Mathematics in the University of Edinburgh. Crown 8va 
7/. 6^. 

KlTOttBlVfiH— ^ GEOMETRICAL NOTE^BOOX, coafaifling 
Easy Problems in Geometrical Drawing preparatory t6 the 
Study of Geometry. Fdr tiie use of Schools. By F. £. 
KiTCHBNKif M.A., Mathematical Master at Rugby. New 
Edition. 4to. 2/. 

ImOOK^ELEMENTARV TRIGONOMETRY. By Rev. J. 
B. Lock, M.A., Fellow of Caius College, Cambridge; and 
Assistant Master at Eton. , Globe 8vo. [In the press. 

JUKXSVt-^ NATURAL GEOMETRY: All llltroductioii to tfie 

Logical Study of Mathematics. For Schddls add Technical 

Classes. With Explanatory Models, based upon the Tachy- 

metrical Works of Ed. Lagout. By A. Mault. i8mo. \s. 

Models to Illustrate the above^ in Box, I2s. 6d. 

U^nniMAK -^ ELEMENTS OF THE METHOD OF 
LEAST SQUARES. By Mansfield Mkrriman, Ph.D. 
Professor of Civic and Mechanical Engineering, Lehigh Um- 
versity, Bethlehem, Penn. Crown 8vo. Is. M. 

miimImak-elements of descriptive geometry. 

By J. B. Millar, C.E., Assistant Lecturtt in Engineering in 
Owens College, Manchester. Crown 8vo. 6s. 
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MOMOAM^A COLLECTION OF PROBLEMS AND 
EXAMPLES IN MATHEMATICS. With Ajoamm. 
By H. A. Morgan* M.A., Sadleilan and Mithematical 
Lecturer of Jenia College, Cambridge Crown 8vo. 6f . 6<£ 

WLVtU-^DETERMINANTS. By Tkos. Mvul. Crown 8yo, 

[In preparation. 

MBWTOM'B PRINCIPIA. Edited by Prof! Sir W. Thomson 
and Profenor Blackburn. 4tow doth. 31J. td, 
THE FIRST THREE SECTIONS OF NEWTON* S 
PRINCIPIA^ With Notes and Illustrations. Also a col- 
lection of Problems, principally intended as Examples of 
Newton's Methods. By Px&crrAt Frost, M.A. Third 
Edition. 8yo. t2f. 

PARKINSON— Works by S. PARKINSON, D.D., F.R.S., Tutor 
and Prselector of St John's College, Cambrid^ 

AN ELEMENTARY TREATISE ON MECHANICS. 
For the Use of the Junior Classes at the TJniverslty and the 
Higher Classes in Schools. With a Collection of Examples. 
Sixth Edition, revised. Crown 8va doth. ^. 6d. 

A TREATISE ON OPTICS. New Edition, revised and 
enlarged. Crown 8yo. doth. lOf. U 

VBDImBIV— EXERCISES IN ARITHMETIC for the Use of 
Schools. Contsdning more than 7,000 original Examples. 
By S. Prdlby, late of Tamworth Grammar School Crown 
8vo. 5j. 

WBMAM^ELEMENTARY HYDROSTATICS. With Nu- 
merous Examples. By J. B. PHXiiRy M.A., Fellow and late 
Assistant Tutor of Clare College^ Cambridge. New Edition. 
Crown 8vo. doth. 5^. 6d, 

VIVAJ^—LESSONS ON RIGID DYNAMICS. By the Rev. 
G. PiRiK, M.A. , late Fellow and Tutor of Queen's Collie, 
Cambridge; Professor of Mathematics in the University of 
Aberdeen, Crown 8vo. 6s, 

FUOKLB-^iir ELEMENTARY TREATISE ON CONIC 
SECTIONS AND ALGEBRAIC GEOMETRY. With 
Numerous Examples and Hints for their Solution ; especially 
designed for the Use of Beginners. By G. H. Pucklb, M.A. 
New Edition, revised and enlarged. Crown 8vo. 7#. M 
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KMLVnAJUnom^ELBMENTARY STATICS^ by the Rev. 
Gborgk Rawunson, M.A. Edited by the Rev. Edward 
Sturgss, M.A. Crown Svo. 41. 6d, 

VLAYJXIOU—THE THEORY OF SOUND. By Lord 
Raylkigh, M.A., F.R.S., formerly Fellow of Trinity CoUege, 
Cambridge. 8yo. Vol I. 12s. 6d, V6l. II. 12s. 6d. 

[Vid. III. in the pnu. 

UXYVOldDB-^MODERN METHODS IN ELEMENTARY 
GEOMETRY. By E. M. Reynolds, M.A., Mathematical 
Master in Clifton College. Crown 8vo. y. 6d. 

ROUTH— Works by Edward ^John Routh, M.A., F.R.S., 
late Fellow and Assistant Tutor of St. Peter's College, Cam- 
bridge ; Examiner in the University of London. 

AN ELEMENTARY TREATISE ON THE DYNAMICS 
OF THE SYSTEM OF RIGID BODIES. With nwnerous 
Examples. Third and enlarged Edition. 8to. 2U. 
STABILITY OF A GIVEN STATE OF MOTION, 
PARTICULARLY STEADY MOTION. Adams* Prise 
Essay for 1877. Sva %s. 6d. 

BMITH — ^Works by the Rev. Barnard Smith, M.A., Rector 
of Glaston, Rutland, late Fellow and Senior Bursar of St 
Peter's College, Cambridge. 

ARITHMETIC AND ALGEBRA, in their Principles and 
Application ; with numerous systematically arranged Examples 
taken from the Cambridge Examination Papers, with especial 
reference to the Ordinary Examination for the B.A. Degree. 
New Edition, carefully revised. Crown 8vo. lor. 6cU 

ARITHMETIC FOR SCHOOLS. New Edition. Crown 
8vo. 4J. 6d. 

A KEY TO THE ARITHMETIC FOR SCHOOLS. 
New Edition. Crown 8vo. 8r. 6d. 

EXERCISES IN ARITHMETIC. Crown 8vo. Ump doth. 
25. With Answers. 2J. 6a. 

Answers separately. 6d. 

SCHOOL CLASS-BOOK OF ARITHMETIC. i8mo. 
cloth, y. 

Or sold separately, in Three Parts, is, each* 
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SMITB Continued^ 

KEYS TO SCHOOL CLASS-BOOK OF ARITHMETIC 
Parts I., U., and m., 2/. 6d, each. 

SHILLING BOOK OF ARITHMETIC FOR NATIONAL 
AND ELEMENTARY SCHOOLS. l8mo. doth. Or 
separately, Part I. 2d, ; Part IL yL ; Part III. ^€L Answers. 

ed. 

THE SAME^ with Answers complete. i8mo, doth. is» 6d, 

KEY TO SHILLING BOOK OF ARITHMETIC. 
i&na 4s, 6cL 

EXAMINA TION PAPERS IN ARITHME TIC. i&no. 
\s, 6d. The same, with Answers, i8mo. zs. Answers, 6d» 

KEY TO EXAMINATION PAPERS IN ARITH^ 
METIC. iSmo. 4^. 6d, 

THE METRIC SYSTEM OF ARITHMETIC^ ITS 
PRINCIPLES AND APPLICATIONS, with numerous 
Examples, written expressly for Standard V. in National 
Schools. New Edition. i8mo. doth, sewed. 5^. 

A CHART OF THE METRIC SYSTEM, on a Sheet, 
size 42 in. by 34 in. on RoUer, mounted and varnished, price 
51. 6iL New Edition. 

Also a Small Chart on a Card, price itU 

EASY LESSONS IN ARITHMETIC, combining Exercises 
in Reading, Writing, Spelling, and Dictation. Part L for 
Standard L in National Schools. Crown 8va 9</. 

EXAMINATION CARDS IN ARITHMETIC. (Dedi- 
cated to Lord Sandon.) With Answers and Hints. 

Standards I. and II. in box, is. Standards IIL, IV. and V., 
in boxes, ix. each. Standard VL in Two Parts, in boxes, 
IS. each. 

A and B papers, of nearly the same difficulty, are given so as to 
prevent copying, and the Colours of the A and B papers differ in 
each Standard, and from those of every other Standard, so that a 
master or mistress can see at a glance whether the childien have the 
proper papers. 
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SN OWBAU. — r/rS ELEMENTS OP PLANE AND 
SPHERICAL TRIGONOMETRY; with the Constnictioii 
and Use of Tables of LogukhBs. By J. C SvoWBAix, M. A. 
New Edition. Crown Sro. 71. 6^ 

SYLLABtrS OP PIiAIfB GBOMBTftT (ocweipoBdhlg to 
Euclid, Books L— Vl.y. Prepared bf the Awocirtioe far tiie 
Improvement of Geometrical Tfrhing. New Edition. Ciowb 
Svo. II. 

TAZT mad 8TEELB— i4 TREATISE ON DYNAMICS OP 
A PARTICLE, With nuneroos Ezamplei;. Bj I Vofc sso f 
Tatt and Mr. Stsklk. Fourth Edition, revised. Crown Sipou 

I2f. 

r^^A^H^ ELEMENTARY MENSURATION POR 
SCHOOLS, With nnmeroos Examplrs. By Skptdcus 
Tebat, B.A., Head Blaster of Queen Elizabeth's Graminar 
School, RiringtoB. Extra fca|>. 8vo. 31. M 

TODHXmTBK— Works by L ToDHUHTSK, HA., F.R.S., of 

St John's College, Cambridge. 

'* Mr. Todhimter is chiefly known to stndoits of Mathrmincs as dM 
■■diar of a nries of adminibln ■athematiml tezft^MMks* vriadi posaos 
the nureqnalide* of beine dear in style and ahwhitHly free fccaa listakfit, 
cypograpfaical or odier.''^-SATuanAT Ravmw. 

THE ELEMENTS OP EUCLID. For the Use ol CoDeges 
and Schools. New Edition. iSno. 3f. 6^ 

KEY TO EXERCISES IN EUCLID. Crown 8yo. 
6s.6d. 

MENSURATION POR BEGINNERS. With mmieroiis 
Kwrnplrs. New Edition, i&ikk Sf. €tL 

ALGEBRA POR BEGINNERS. VHth numerous F.Tamp^ci. 
New Edition, i&ikk si; 61L 



KEY TO ALGEBRA POR BEGINNERS. Crown 8m 
6s. 6d. 

TRIGONOMETRY POR BEGINNERS. With nnmeroas 
F.iamplft New Edition. iSmo. 2s. 6d. 

KEY TO TRIGONOMETRY POR BEGINNERS. 
Crown 8vo. 8#. 61^ 
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TODHUNTER Continued^ 

MECHANICS FOR BEGINNERS. With numerous 
Examples. New Editioio. i8mo. 41. 6dr. 

KEY TO MECHANICS FOR BEGINNERS. Crown 
8vo. df. 6</. 

ALGEBRA. Tat the Use of Colleges and Schools. New 

Edition. Crown 8vo. 7^* ^* 

KEY TO ALGEBRA FOR THE USE OF COLLEGES 
AND SCHOOLS. Crown 8va lar. td. 

AN ELEMENTARY TREATISE ON THE THEORY 
OF EQUATIONS. New Edition, revised. Crown 8vo. 
7J. 6d. 

PLANE TRIGONOMETRY. For Schools and Colleges. 
New Edition. Crown 8vo. ^. 

KEY TO PLANE TRIGONOMETRY. Crown 8vo. 
\Q5, 6d. 

A TREATISE ON SPHERICAL TRIGONOMETRY. 
New Edition, enlarged. Crown 8vow 4J. 6d. 

PLANE CO-ORDINATE GEOMETRY, as applied to the 
Straight Line and the Conic Sections. With numerous 
Examples. New Edition, revised and enlarged. Crown 8vo. 
^s. 6d. 

A TREATISE ON THE DIFFERENTIAL CALCULUS. 
With numerous Examples. New Edition. Crown 8vo. 
lOf. 6d. 

A TREATISE ON THE INTEGRAL CALCULUS AND 
ITS APPLICATIONS. With numerous Examples. New 
Edition, revised and enlarged. Cro¥m 8vo. los. 6d. 

EXAMPLES OF ANALYTICAL GEOMETRY OF 
THREE DIMENSIONS. New Edition, revised. Crown 
8vo. 4i. 

A TREATISE ON ANALYTICAL STATICS. With 
numerous Examples. New Edition, revised and enlarged* 
Crown 8vo. loj. (td. 
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TODHUNTEB Continued— 

A HISTORY OF THE MATHEMATICAL THEORY 
OF PROBABILITY^ from the time of Pascal to that of 
Laplaioe. Svo. i8f. 

RESEARCHES IN THE CALCULUS OF VARIA- 
TIONS^ piindpaUy on the Theoiy of Discontmuous Solutions : 
an Essay to whidi the Adams Prize was awarded in the 
University of Cambridge in 1871. 8vo. 6i. 

A HISTORY OF THE MATHEMATICAL THEORIES 
OF ATI FACTION, AND THE FIGURE OF THE 
EARTH, from the time of Newton to that of Laplace. 2 vols. 
8va 241. 

AN ELEMENTARY TREATISE ON LAPLACE S, 
LAMES, AND BESSEVS FUNCTIONS. Crown 8va 
los, 6d, 

WILSON (J. m.y-ELEMENTARY GEOMETRY. Books 
I. to V. Containing the Subjects of Euclid's first Six 
Books. Following the Syllabus of the Geometrical Association. 
By J. M. Wilson, M.A., Head Master of Clifton College. 
New Edition. Extra fcap. 8vo. 41. 6ii. 

SOLID GEOMETRY AND CONIC SECTIONS. With 
Appendices on Transversals and Harmonic Division. For the 
Use of Schools. By J. M. Wilson, M.A. New Edition. 
Extra fcap. 8vo. p. 6d. 

y^fVLAOlSi— GRADUATED EXERCISES IN PLANE TRI- 
GONOMETRY. Compiled and arranged by J. Wilson, 
M.A., and S. R. Wilson, B.A. Crown 8vo« 4;. &/. 

" The exercises seem beautifully naduated and adapted to lead a student 
on most gently and pleasantly "— £. J. Routh, F.R.S., St Peter's College, 
Cambridge. 

WIMON (W. P.)— ^ TREATISE ON DYNAMICS. By 
W. P. Wilson, M.A., Fellow of St. John's Collie, Cam- 
bridge, and Professor of Mathematics in Queen's College^ 
Belfast 8vo. 91. dd. 
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WOlMBT^Knol.Ml&—MATIfEMATJCAZ PROBLEMS, on 

Subjects included in the First and Second Divisions of the 
Schedule of Subjects for the Cambridge Mathematical Tripos 
Examination. Devised and arranged by Joseph Wolstbn- 
HOLMX, late Fellow of Christ's Coll^^e, sometime Fellow of 
St John's Collie, and Professor of Mathematics in the Royal 
Indian Engineering College. NewEd. greatly enlarged. 8vo. iSr. 

SCIENCB. 

SCIENCE PRIMERS FOR ELEMENTARY 

SCHOOLS. 

Under the joint Editorship of Professors Hxtxlxy, Roscos, and 

Balfour Stxwart. 

*' These Primers are extremely simple and attractive^ and thoroughly 
answer their purpose of Just leading the young be^;inner up to the thresh- 
old of the long avenues u the Palace of Mature which these titles suggest." 

<— GUAKDIAM. 

"They are wonderfully clear and lucid in their Instmctioii* dmple in 
style, and admirable in pum. "— BducationaIi Tuibs. 

INTRODUC5TORY~By T. H. HuxLEY, F.R.S., Professor of 
Natural History in the Royal School of Mines. iSmo. is. 

CHEMISTRY — By H. E. RoscoB, F.R.S., Professor of 
Chemistiy In the Victoria University the Owens College, 
Manchester. With numerous Illustrations. i8mo. i«. New 
Edition. With Questions. 

*' A very model of perspicacity and aeeioraey.*— Chbiost amo Dxuo- 

GXST. 

PHYBICS—By Balfour Stewart, F.R.S., Professor of Natural 
Philosophy in the Victoria University the Owens College, 
Manchester. With numerous Illustrations. i8mo. is. New 
Edition. With Questions. 

PHYBIOAla OEOGRAPHY— By ARCHIBALD GbIKIS, F.R.S., 
Murchison Professor of Geology and Mineralogy at Edin- 
burgh. Wiih numerous Illustrations. New Edition, with 
Questions. i8mo. is, 

"Everyone of his lessons is narked by simpUdty, clearness, and 
correctness. "—Athbnjbum. 

GEOLOGY — By Professor Gsikib, F.R.S. With numerous 

Illustrations. New Edition. i8mo. cloth, is, 

" It is hardly possible for the dullest child to misunderstand the neaning 
of a classification of stones after Pl-ofessor Ge^kie's explanatiea"— School 
Board CHSONicuKr 
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SCIBNOB PKIMBRS Coniimttd^ 

PHYBIOIaOOY-rBy MxCHASL FOSTSK, M.D., F.R.S. With 
numerous Illustrtitions. New Edition. i8mo. li. 

**T1m book seems to M 10 leave notbinc to be desuved m an ekmentary 
text-book. " — AcADBMV . 

ASTRONOMY — By J. NOR&IAN LOCKYKR, F.B.S. With 

numerous Illustrations. New Edition. iSmo. is. 

** This is altogether cme of the meet likely attempts we have ever seen to 
bring astronomy down to the capacity en the young child."— School 
Board Chroniclb. 

BOTANY— By Sir J. D. HoOKKR, K.C.S.L, C.B., F.R.S. 

With numerous Illustrations. New Edition. i8mo« is, 

"To teachers the Primer will be of inestimable valaet and not only 
because of the sinpliei^ of the language and tilic clearness with whi^h the 
snbieet matter is treated, but also on account of its coming from the highest 
anthority, and so fnmisnmg pontive information as to the most suitable 
methods of teaching the «cieaif:e of boMoy."— Natukb. 

IiOGic—3y Professor Stajojey Jkvons, LL.D., M.A., F.R.S. 

New Edition. i8mo. is, 

" It ai>pears to us adaairably adapted to sanre both as an introduction 
to scientific reasoning, and as a guide to sound judgment and reasoning 
t» the ordSojiiy affasrs of ]ile."~AcAJ)KMV. 



POLlTIOAia BOONOMY— By Professor Stanlxy Jsvons, 
LL.D., M.A., F.R.S. i8ma is, 

*' ITnquestionably b every respect an admirable primer."— School 

BOAR9 CiOONlCUt. 

In prtpamtiiim :^ 
ZOOLOGY, By Professor Huxlxt. &c. &c. 



BLEMBNTARY CLASS-BOOKS. 

ASTRONOMY, by the Astrononuur Boyvl. 

POPULAR ASTRONOMY. With lUustrations. By Sir 
G. B. Airy, K.C.B.,- Astronomer RojaL New Edition. 
iSmo. 4J. &/. 
ASTRONOMY. 

ELEMENTARY LESSONS IN ASTRONOMY, With 
Coloured Diagram of the Spectra of the Sun, Stars, and 
Nebulae, and numerous Illustrations. By J. Norman liOCKYSR* 
F.R.S. New Edition, Fcap. 6vo. 5#. 6</. 

**Fnl), dear, sound^ and worthy of attention, not only as % popular 
exposition, bnt ■§ m mtntlfie ' IndMc.' *— Atkkkaivm. 
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ELBMENTARY OIiABS-BOOKB Continued^ 

QUESTIONS ON LOCKYERS ELEMENTARY LES- 
SONS IN ASTRONOMY. For the Ust of Schools. By 
John Forbks^Robbrtsov. i8mo. doth limp. i#. &/. 

PHTSIOIiOOY. 

LESSONS IN ELEMENTARY PHYSIOLOGY. With 
numerons Illustrations. B7T. H. HUXLIY, F.R.S., Professor 
of Natural History in the Royal School of Mines. New 
Edition. Fcap. 8vo. 4^. &/. 

** Pure gold thrcmghoat.*— Guakdian. 

" Unqae«tioiuJ>ly the eJeavMt and most comi^ete elewenf ry treatjae 
on this subject that we powess in any language. "— Wbstmimstbr Rbvikw . 

QUESTIONS ON HUXLEY* S PHYSIOLOGY FOR 

SCHOOLS. By T. Alcock, M.D. iSmo. is. 6d, 

BOTANY. 

LESSONS IN ELEMENTARY BOTANY. By D. 

Oliver, F.R.S., F.L.S., Professor of Botany in University 

College, London. Widi nearly Two Hundred Illustrations. 

New Edition. Fcap. 8va 41. 6d. 

OHBMI8TBT. 

LESSONS IN ELEMENTARY CHEMISTRY. IN- 
ORGANIC AND ORGANIC. By Hsnry E. Roscok, 
F.JECSm Pigi(H»or of Cheoustxy in Ifae Victoria Univ^sity the 
Qvem College. Maiehegtcsr. With nnmerow Jllustrations 
and Cbvomo-Xitho of thp Soinr Spectrum, and of the Alkalies 
and Alkaline Earths. New Edition. Fcap. 8vo. 4J; 6d. 

" As a standard general text-book it deserves to take a leading place."-* 
Spbctatok. 

" We unhesitatingly prononnee it the bMt of all oor tlaatntiiT treatises 
00 Chesiistry."— MBDtCAL Tmaa. 

A SERIES OF CHEMICAL PROBLEMS, prepared with 
Special Reference to the above, by T. E. Thorpe, Ph.D., Pro* 
fessor of Chemistry In the Yorkshire College of Science, Leeds, 
Adapted for the preparation of Students for the Goyemment, 
Science, and Society of Arts Examinations. With a Prefiioe by 
Professor Rosco^ New Edition, with Kqr« iSmo. 2/. 

ViMITIOAAi BOOVOMT. 

POLITICAL ECONOMY FOR BEGINNERS. By 

MiLUCXNT G. Fawcxtt. New Edition. i8mo. zr. 6d, 

** Otsb c <wi p a ftt and ccwjjwImwwh.''— JJailv H«wa 
"The relatioDt eC capital and Ubour bam mm 



, J ^ j-m ^ t» bte» ■•re simply ot 

man deany •xponnded.'*— CMmMioa4mr Ravisw. 
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liOCIIO. 

ELEMENTARY LESSONS IN LOGIC; Dedncdre and 

Indnctiye, with copions Qaesdons and Ezami^eSy and a 

Vocabnlaiy of Logical Terms. By W. Stanlkt Jkvons, 

LL.D., M.A., F.R.S. New Edition. Fcap. 8to. 3f . M 

" Noddns can be better for m adipol-boolc''-j-GuASDiAii. 
*' A TB***"»^ ftlike tH«»pi^ interestixiij^ And scientific*''-— Ai 



PHTBIOS. 

LESSONS IN ELEMENTARY PHYSICS. Bj Balfour 
Stswart, F.R.S., Professor of Natual Philosophy in the 
Victoria University the Owens College, Manchester. With 
nnmerons Illiistrations and Chromolitho of the Spectra of the 
Sun, Staxs, and Nebolse. New Edition. Fcap. 8to. 41. 6d, 



«<■ 
— Edocatiomai. Tnots. 

QUESTIONS ON BALFOUR STEWARTS ELE- 
MENTAR Y LESSONS IN PHYSICS, By Pnrf. Thomas 
H. Cork, Owens Collie, Manchester. Fcap. Svo. 2f. 

PRACmOAIi OHBMI8TRT, 

THE OWENS COLLEGE JUNIOR COURSE OF 
PRACTICAL CHEMISTRY. By Francis Jones, Chemkal 
Master in the Gnnunar Sdiool, Manchester. V^tii Pie&ce by 
ProfessOT R08OQB, and Illnstnrtioni. New EditioB. i8mo. 
2r. d^ 



QUESTIONS ON CHEMISTRY. A Series of Problems 
and Exercises in Inorganic and Organic Chemistry. By 
Francis Jonss, F.R.S.E., F.C.S., Chemical Master in the 
GnuDBmar School* Manchester. Fcap. 8va 3j; 

ANATOMT. 

LESSONS IN ELEMENTARY ANATOMY. By St. 
Gkorgs Miyart, F.R.S., Lectucr in Compaiatife Anatomy 
at St Maiy's Hospital With tqnraids of 400 lUnstntloiia. 
Fcap. 8fO. 6s. 6d. 

** It aaf be q r i frti o n e d wbelher nqr odiflr work on ■Mtiij cootatas ia 

like eoMpiM ao propordoaetdy mat a mmm of infeoMtioa."— LaacR*. 

"The work beatcdlent. end^ookl be in the bends of ewyHodMtef 
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AN ELEMENTARY TREATISE. By John Perry, 
C.E., Whitworth Scholar, Fellow of the Chemical Society, 
Lecturer in Physics at Clifton College. With nnmeroiis Wood- 
cuts and Nnmorical Examples and Exercises. i8mo. 41. td. 

** The yowic mginnwr and those teeldiig for a eoatprehensive knowledge 
of the use, vomtx, end ecooomy of stean, could not have a more useful 
work, as it UTery intelligible, well arranged, and pfactieal thronghoot.''— 
IsoimoMCBa. 

PHTSICAIk aSOGRAPBT. 

ELEMENTARY LESSONS IN PHYSICAL GEO- 
GRAPHY, By A. Gkikib, F.KS., Murchison Professor 
of Geology, &c., Edinburgh. With numerous Illustrations. 
Fcap. 8Ta 41. ^> 
QUESTIONS ON THE SAME. u. 6d. 

OBOGRAPHT. 

CLASS-BOOK OF GEOGRAPHY. By C B. Clarke, M.A., 
F.L.S., F.G.S. Fcap. Sva New Edition, with Eighteen 
Coloured Maps. 3/. 

NATURAL PHILOBOPHT. 

NATURAL PHILOSOPHY FOR BEGINNERS. By 
L ToDHUNTER, M.A., F.R.S. Part L The Properties of 
Solid and Fluid Bodies. i8mo. y, 6d. 
Part IL Sound, Light, and Heat. i8mo. y. 6d. 

MORAXt PHILOSOPHY. 

AN ELEMENTARY TREATISE. By Prof. E. Caird, 
of Glasgow University. [In preparation, 

8LBCTRICITY AND MAGNETISM. 

ELEMENTARY LESSONS IN ELECTRICITY AND 
MAGNETISM. By Prof. Sylvanus Thompson, of Uni- 
versity College, Bristol. With Illustrations. [In the press, 

SOUND. 

AN ELEMENTARY TREATISE. By W. H. Stonb, 
M.a Widi niustrations. i8ma y.6d. 

PSYOBOLOOT. 

ELEMENTAR Y LESSONS IN PSYCHOLOGY. By G. 
Csooic Robertson, Professor of Mental Philosophy, &c, 
University College, London. [In preparoHoft* 

C 
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X2LSMBNTARY C|:<B.SS BOOKS Continued-- 

AGRICULTURB — ELEMENTS OF A GRICUL TURAL 
SCIENCE, By H. Tanner, F.C.S., Professor of Agricultural 
Science, University College, Abeiystwith. Fcap. 8vo. 

\In the press, 

EOONOMICB— THE ECONOMICS OF INDUSTR V. By A. 

Marshall, M.A., Principal of University College, Bristol, 

and Mary P. Marshall, late Lecturer at Newnham Hall, 

Cambridge. Extra fcap. 8vo. 2j. 6d. 

"The book is of sterling value, and will be of great use to students and 
teachers."— ATHBNiBUM. 

Others in Preparation, 

MANUALS FOR STUDENTS. 

Crown 8vo. 

COSSK— GUIDE TO THE STUDY OF POLITICAL 
ECONOMY. By Dr. luiGi CossA, Professor in the 
University of Pavia. Tran lated from the Second Italian 
Edition. With a Preface by W. Stanley Jevons, F.R.S. 
Crown 8vo. 4f. 6d, 

DTBR AND imXEM— THE STRUCTURE OF PLANTS, By 
Professor Thiselton Dyer, F.R.S., assisted by Sydney 
Vines, B.Sc, Fellow and Lecturer of Christ's Collie, 
Cambridge. With numerous Illustrations. \In preparation, 

PAWOBTT—^ MANUAL OF POLITICAL ECONOMY, 
By Right Hon. Henry Fawcett, M.P. New Edition, 
revised and enlarged. Crown 8vo. \zs, 

FZ.BTSOHER— ^ SYSTEM OF VOLUMETRIC ANALY- 
SIS, Translated, with Notes and Additions, from the second 
German Edition, by M. M. Pattison Muir, F.R.S.K With 
Illustrations Crown 8vo. *is, 6d. 

7I.OWBR (W. JL.)— AN INTRODUCTION TO THE OSTE- 
OLOGY OF THE MAMMALIA. Being the substance of 
the Course of Lectures delivered at the Royal College of 
Surgeons of Epglanc^ m 1870. By Professor W. H. Flower, 
F.R.S^F.R.C.S. With numerous Illustrations. New Edition, 
enlarged. Crown 8vo. loi. 6</. 
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MANUALS FOR STUDBNTB Continned— 

rOSTBR aua I.AH OLEY— ^4 COURSE OF ELEMENTARY 
PRACTICAL PHYSIOLOGY. By Michael Foster, 
M.D., F.R.S., and J. N. Languit, B.A. Fourth Edition. 
Crown Sra 6x. 

HOOKER— 7*^^ STUDENT'S FLORA OF THE BRITISH 
ISLANDS. By Sir J.D. Hooker, K.C.S.L, C.B., F.R.S., 
M.D., D.C.L. New Edition, revised. Globe 8vo. lOr. (Ul 

MVILUEV^PHYSIOGRAPHY. An Introduction to the Study of 
Nature. By Professor Huxley, F.R.S. With numerous Illus- 
trations, and Coloured Plates. Third and Cheaper Edition. 
Crown 8vo. dr. 

HUXLEY and MARTIN—^ COURSE OF PRACTICAL 
INSTRUCTION IN ELEMENTARY BIOLOGY. By 
Professor Huxley, F.R.S., assisted by H. N. Maetin, M.B., 
D.Sc New Edition, revised. Crown 8vo. dr. 

IBVONl— r^^ PRINCIPLES OF SCIENCE. A Treatise 
on Logic and Scientific Method. By Professor W. Stanley 
Jevons, LL.D., M.A., F.R.S. New and Revised Edition. 
Crown 8vo. i2s. 6d. 

STUDIES IN DEDUCTIVE LOGIC. By Professor 
W. Stanley Jevons, LL.D., M.A , F.R.S. Crown 8vo. dr. 

KENNEDY — MECHANICS OF MACHINERY, By 
A. b. W. Kennedy, M. Inst. C.E., Professor of Engineering 
and Mechanical Technology in University College, London. 
With Illustrations. Crown 8vo. \In the press. 

KIEPERT— ^ MANUAL OF ANCIENT GEOGRAPHY. 
From the German of Dr. H. Kiepert. Crown Svo. 5t. 

OLIVER iVvQftmmov)^FIRST BOOK OF INDIAN BO TAN Y 
By Professor Daniel Ouver, F.R.S., F.L.S., Keeper of 
the Herbarium and Library of the Royal Gardens, Kew, 
With numerous Illustrations. Extra fcap. Svo. dr. 6d. 

PARKER—^ COURSE OF INSTRUCTION IN ZOOTOMY 
(VERTEBRATA), By T. Jeffrey Parker, B.Sc. Lond., 
Professor of Biology in the University of Otago. With Illus- 
trations. Crown Svo. [In the press. 

C 2 
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MANUALS FOR STUDSNTS ConHnuedr-^ 

PARKER and WB^WhXlV—THE MORPHOLOGY OF 

THE SKULL. By Professor Parker and G. T. Bettany. 

Illustrated. Crown 8yo. ioj. 6</. 

SMITH, A.-DMIL—THE WEALTH OF NATIONS, By 
Adam Smith. Edited with Notes, &c., for the Use of 
Students, by W. Stanley Jbvons, LL.D., M.A., F.R.S. 
Crown 8vo. 

TAIT— ^A^ ELEMENTARY TREATISE ON HEAT By 

Professor Tait, F.R.S.E. Illustrated. [In the press, 

TlLOVLSOn— ZOOLOGY. By Sir C. Wyville Thomson, F.R.S. 

Illustrated. [In the press, 

TYl^O-R— ANTHROPOLOGY. An Introduction to the Study of 

Man and Civilisation. By E. B. Tylor, D.C.L., F.R.S. 

With numerous Illustrations. Crown 8vo. ^s, 6d, 
Other volumes of these Manuals will follow. 



SCIENTIFIC TEXT-BOOKS. 

BALFOUR—^ TREATISE ON COMPARATIVE EMBRY- 
OLOGY. By F. M. Balfour, M.A., F.R.S., Fellow and 
Lecturer of Trinity College, Cambridge. With Illustrations. 
In 2 vols. 8vo. i8j. each. 

BALL (R. S., iL,VL,)— EXPERIMENTAL MECHANICS. A 
Course of Lectures delivered at the Royal Collie of Science 
for Ireland. By R. S. Ball, A.M., Professor of Applied 
Mathematics and Mechanics in the Royal College of Science 
for Ireland. Cheaper Issue. Royal 8vo. los. 6d. 

BRUNTON — ^ TREATISE ON MATERIA MEDICA. 
By T. Lauder Brunton, M.D., F.R.S. 8vo. 

[In preparation. 

OlsAJJBlVS—MECHANICAL THEORY OF HEAT. By R. 
Clausius. Translated by Walter R. Browne, M.A., late 
Fellow of Trinity College, Cambridgfe. Crown 8vo. los. 6d, 

COTTERILL— ^ TREATISE ON APPLIED MECHAN- 
ICS. By James Cotterill, M.A., F.R.S. , Professor of 
Applied Mechanics at the Royal Naval College, Greenwich. 
With Illustrations. 8vo. \In preparation* 
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SCIENTIFIC TEXT-BOOKS Continued-- 

DANIBI.I.— ^ TREATISE ON PHYSICS FOR MEDICAL 

STUDENTS, By Alfred Daniell. With Illustrations. 
8vo. [In preparation. 

TOBTnR—A TEXT-BOOK OF PffySIOLOGY. By Michael 
Foster, M.D., F.R.S. With Illustrations. Third Edition, 
revised. 8vo. 2is, 

QAMGEE-^ TEXTBOOK OF THE PHYSIOLOGICAL 
CHEMISTRY OF THE ANIMAL BODY. Including an 
account of the chemical changes occurring in Disease. By 
A. Gamgee, M.D., F.R.S., Professor of Physiology in the 
Victoria Univer-ity and Owens College, Manchester. 2 Vols* 
8vo. With Illustrations. Vol. I. i8j, 

[ Vol, II, in the press, 

GJSLQJEiKBAVTL'-ELEMENTS OF COMPARATIVE ANA- 
TOMY, By Professor Carl Gegenbaur. A Translation by 
F. Jeffrey Bell, B.A. Revised with Preface by Professor 
E. Ray Lanksster, F.R.S. With numerous Illustrations. 
8vo. 2is, 

Q!E\1L\T^— TEXT' BOOK OF GEOLOGY, By Archibald 
GEIKIE, F.R.S., Professor of Geology in the University of 
Edinburgh. With numerous Illustrations. 8vo. \In the press, 

GViAn— STRUCTURAL BOTANY, OR ORGANOGRAPHY 
ON THE BASIS OF MORPHOLOGY, To which are 
added the principles of Taxonomy and Phytography, and a 
Glossary of Botanical Terms. By Professor Asa Gray, 
LL.D. 8vo. lOf. 6d, 

H'EWCOliiL'R— POPULAR ASTRONOMY, By S. Newcomb, 
LL.D., Professor U.S. Naval Observatory. With 112 Illus- 
trations and 5 Maps of the Stars. 8vo. iZs, 

' * It is unlike anything else of its kind, and will be of more use in cir- 
culating a knowledge of astronomy than nine-tenths of the books which 
have appeared on the subject of late years." — Saturday Review, 

RI^VImBAVX — THE KINEMATICS OF MACHINERY. 
Outlines of a Theory of Machines. By Professor F. Reuleaux. 
Translated and Edited by Professor A. B, W. Kennedy, 
C.E. With 450 Illustrations. Medium 8vo. 2is» 



36 MACMILLAN'S EDUCAtlONAL CATALOGWS. 

I ' ■■ ■ ■ I III ■ — — — ■ a< 

SCIENTIFIO T-EXT-'BOO'BiS.— Continued. 

ROSCOB and BCUO^lMTkVLm^B.^ INORGANIC CHEMIS- 
TRY. A Complete Treatise on Inorganic Chemistry, By 
Professor H. E. RoscoE, F.R.S., and Professor C ScHOR- 
L£MMER, F.R.S. With numerous Illustrations. Medium 8vo. 
Vol. I.-— The Non-Metallic Elements. 21 j. Vol. II. Parti.— 
Metals. i8j. Vol. II. Part II. —Metals. i8j. 
Vol. lll.-^ORGANIC CHEMISTRY, Part. l.—THE 
CHEMISTRY OF THE HYDROCARBONS; and their De- 
rivatives or ORGANIC CHEMISTRY. By Profs. RoscoE and 
ScHORLEMMER. With nimierous Illustrations. Medium 8vo. 21 j. 

BOHORLEMMER— ^ MANUAL OF THE CHEMISTRY OF 
THE CARBON COMPOUNDS, OR ORGANIC CHE- 
MISTRY. By C. SCHORLEMMER, F.R.S., Professor of 
Chemistry, the Victoria University, the Owens College, Man- 
chester. With Illustrations. 8vo. 14J. 

THORPE AND Rt^CKER— ^ TREA TISE ON CHEMICAL 

FHY.bICS. By Professor Thorpe, F.R.S., and Professor 

RiJCKER, of the Yorkshire Coll^;e of Science. Illustrated. 

8vo. [In preparation, 

NATURE SERIES. 

THE SPECTROSCOPE AND ITS APPLICATIONS. By 
J. Norman Lockyer, F.R.S. With Coloured Plate and 
numerous Illustrations. Second Edition. Crown 8vo. 3i. 6rf. 

THE ORIGIN AND METAMORPHOSES OF INSECTS. 
By Sir John Lubbock, M.P., F.R.S., D.C.L. With nume- 
rous Illustrations. Second Edition. Crown 8vo. 3^. 6d. 

THE TRANSIT OF VENUS. By G. Forbes, M.A., Pro- 
fessor of Natural Philosophy in the Andersonian University, 
GlaFgow. Illustrated. Crown 8vo. y, 6d, 

THE COMMON FROG. By St. Georgk Mivart, F.R.S., 
Lecturer in Comparative Anatomy at St Mary's Hospital. 
With numerous Illustrations. Crown 8vo. y. 6d. 

POLAR ISA TION OF LIGHT. By W. Spottiswoodk, P.R.S., 
With many Illustrations. Second Edition. Crown 8vo. $s, 6d. 

ON BRITISH WILD FLOWERS CONSIDERED IN RE- 
LATION TO INSECTS. By Sir John Lubbock, M.P., 
F.R.S. With numerous Illustrations. Second Edition. Crown 
8vo. 4J. 6</. 
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If ATURB 8BRIB8 Continued--' 

THE SCIENCE OF WEIGHING AND MEASURING, AND 
THE STANDARDS OF MEASURE AND WEIGHT 
By H. W. Chisholm, Warden of the Standards. With 
numerous Illustrations Crown 8vo. 41. 6</. 

HOW TO DRAW A STRAIGHT LINE : a Lecture on Link- 
ages. By A. B. Kemps. With Illustrations. Crown 8vo. is, 6d. 

LIGHT: a Series of Simple, Entertaining, and Inexpensive Expe 
riments in the Phenomena of Light, for the Use of Students oi 
every age. By A. M. Mayer and C. Barnard. Crown 8vo, 
with numerous Illustrations. 2s, 6d. 

SOUND . a Series of Simple, Entertaining, and Inexpensive Ex- 
periments in the Phenomena of Sound, for the use of Students 
of every age. By A. M. Mayer, Professor of Physics in 
the Stevens Institute of Technology, &c With numerous 
Illustrations. Crown 8vo. 3j. 6d. 

SEEING AND THINKING, By Professor W. K. Clifford. 

F.R.S. With Diagrams. Crown 8vo. 35. td, 
DEGENERATION By Prof. E. Ray Lankester, F.R.S. 

With Illustrations. Crown 8vo. 2s. 6d. 

FASHION IN DEFORMITY, as Illustrated in the Customs of 
Barbarous and Civilised Races. By Prof. Flower. With 
Illustrations, Crown 8vo. 2J. 6d. 

Other volumes to follow, 

EASY LESSONS IN SCIENCE. 
Edited by Prof: W. F. Barrett. Extra fcap. 8vo. 

HEA T By Miss C. A. Martinkau. ninstraterl. 2/. 6d. 
LIGHT, By Mrs. Awdrv. Illn^^trated. 2s. dd, 
ELECTRICITY, By Prof. W. F. Bare stt. [In preparaAon. 

SCIENCE LECTURES AT SOUTH 
KENSINGTON. 
VOL. /. Containing Lectures by CapL Abnzy, Prof. Storks, 
Prof. Kennedy, F. G. Bramwill, Prof. G. Forees, H. C. 
SoRBY, J. T. BcnroMLEY, S. H. Vines, aad Praf. Caret 
Foster. Crown Svo. 6/. 
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VOL, IL Contamh^ Lectnres by W. SPomswooDBy P.R.S., 
Plot FoRBKS, Prat PiGOT, PiTof. Barsxtt, Dr. BU&DON- 
Sanderson, Dr. Laitdkr B&itntoh, F.R.S., Prof. Roscob, 
and othoi. ClOwn 8vo. 6x. 

MANCHESTER SCIENCE LECTURES 
FOR THE PEOPLE. 

IQgfath Scries, 1876-7. Crown 8to. Slnstrated. 6/. cadL 

WHAT THE EARTH IS COMPOSED OP. By Prafeasar 

RoscoKy F.R.S. 
THE SUCCESSION OP UPS ON THE EARTH. By 

TH-ofessor Williamson, F.R.S. 

WHY THE EARTH* S CHEMISTRY IS AS IT IS By 
J. N. LOCKTKR, F.R.S. 

Ako complete in One Volimie: Crown Sto. doth, ai . 



hJJSXJMT^YSL—ELEMENTAR Y APPLIED MECHANICS; 
being the simple and more practical Cases of Stress and Stndn 
wrought out individually from first piinciples by means of 
Elementary Mathematics. By T. Alexander, C.E., Professor 
of Civil Engineering in the Imperial CoU^e of Engineering, 
Tokei, Japan. Crown 8vo. 4J. 6d. 

BEITTAHY.— FIRST LESSONS IN PRACTICAL BOTANY, 
By G. T. Bbttaxy, M.A., F.L.S., Lecturer in Botany at 
Ga3r's Hospital Medical SchooL i8mo. \s. 

Bl»hMTOm^—THE RUDIMENTS OP PHYSICAL GEO- 
GRAPHY FOR THE USE OF INDIAN SCHOOLS; with 
a Glossary of Technical Terms employed. By H. F. Blantord, 
F.R.S. New Edition, with lUostrations. Globe 8vo. 2s. 6d. 

E;VKRBTT— UNITS AND PHYSICAL CONSTANTS, By 
J. D. Everett, F.R.S., Professor of Natural Philosophy, 
Queen's College, Bel&st. Extra fcap. 8vo. 4s. 6d, 

OEIKIR.— OUTLINES OF FIELD GEOLOGY. By Proi 
Geikie, F.RS. With Illustrations. Extra fcap. 8va y,6d. 

iMAJmAJSlEBL-BLOWPIPE ANALYSIS. By J. Landauer. 
Authorised English Edition by T. Taylor and W. E. Kay, of 
Owens College, Manchester. Extra fcap. 8vo. ^. 6d. 
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yLXSl-R— PRACTICAL CHEMISTRY FOR MEDICAL STU- 
DENTS. Specially arranged for the first M.B. Course. By 
M. M. Pattison Muir, F.R.S.E. Fcap. 8vo. is, 6d. 

M'KENDRIOK— O^^TZ/iVS^ OF PHYSIOLOGY IN ITS 
RELATIONS TO MAN. By J. G. M'Kendrick, M.D.» 
F.R.S.E. With Illustrations. Crown 8vo. \2s. td, 

VLIAImJ^— STUDIES IN COMPARA TIVE ANA TOMY. 

Na I. — ^The Skull of the Crocodile : a Manual for Students. 
By L. C. MiALL, Professor of Biology in the Yorkshire College 
and Curator of the Leeds Museum. 8vo. 2s, 6d. 
No. IL — Anatomy of the Indian Elephant. By L. C. MiALL 
and F. Greenwood. With Illustrations. 8vo. 5^. 

sn Akk-'AN ELEMENTARY TREATISE ON HEAT, IN 
RELATION TO STEAM AND THE STEAM-ENGINE. 
By G. Shann, M.A. With Illustrations. Crown 8vo. 4r. 6^. 

TAKNBK— FIRST PRINCIPLES OF A GRICUL TURE. By 
H. Tanner, F.C.S., Professor of Agricultural Science, 
University College, Abeiystwith, &c. i8mo. is, 

THE PRINCIPLES OF AGRICULTURE : a Series of 
Reading-Books for use in Elementary Schools. Prepared by 
Professor Tanner. Extra fcap. 8vo. 

I. The Alphabet of the Principles of Agriculture. 6d, 
II. Further steps in the Principles of Agriculture, is, 

[jfust ready, 

WUlGtUT--METALS AND THEIR CHIEF INDUSTRIAL 
APPLICATIONS, By C. Alder Wright, D.Sc, &c. 
Lecturer on Chemistry in St Mary's Hospital Medical School. 
Extra fcap. 8vo. 3i. 6d. 



HISTORY. 

ARNOLD— T-jy^ ROMAN SYSTEM OF PROVINCIAL 

ADMINISTRATION TO THE ACCESSION OF CON' 

STANTINE THE GREAT. By W. T. Arnold, B.A. 

Crown 8vo. 6j. 

"Ought to prove a valuable handbook to the student of Roman 
history. — Guardian. 
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%KRB1sYST0RIES from the history op ROME, 
By Mrs. Beesly. Fqip. %yo. 2s. 6d, 



" The atteoipt appean to «• in evflvy way mtaeeufoL The itones are 
interesting in them.seiTes, and are told witn pofect nmplicity and good 
feeiing."— Daiuv Vbw». 

BMOQX,— FRENCH HISTOR YFOR ENGLISH CHILDREN. 
By Sarah Brook. With Coloured Maps^ Crown 8vo. dr. 

r&BBMAJI (BDWARD Ajy^OLDENGLISH HISTORY. 
By Edward A. Freeman, D.CL., LL.D., late Fellow of 
Trinity College, Oxford. With Five O^onred Mapi^ New 
Edition. Extra fcap. 8yo. half-bound, dr. 

Q&SBM— ^ SHORT HISTORY OF THE ENGLISH 

PEOPLE, By John Richard Green, M.A., LL.D. With 

Q^ured Maps, Genealc^cal Tables, and Chronological 

Annals. Crown 8to. Sj. 6d. Seventy-eighth Thousand 

" Stands alone as the one gcneiml btsuMry of the ooontry, for the salu. 
of wUch all others, if young and old mn wise, will be spee^lj and rarely 
set aside." — Acadsmy. 

READINGS FROM ENGLISH HISTORY, Selected 

and Edited by John Richard Green, M.A., LL.D., 

Honorary Fellow of Jesus College, OxfcmL Three Parts. 

Globe 8vo. is, 6d, each. L Hengist to Cressy. IL Cressy 

to Cromwell. III. Cromwell to Balaklava. 

HTJILST— LECTURES ON THE HISTORY OF ENGLAND, 

By M. J. Guest. With Maps. Crown 8vo. 6s, 

** It is not too much to assert that this is one of the rery best class boohs 
of English History for young students ever published." — Scotsman. 

HIBTORICAIi COURSB FOR BCHOOIiS — Edited by 

Edward A. Freeman, D.CL., late Fellow of Trinity 

Collie, Oxford. 

L GENERAL SKETCH OF EUROPEAN HISTORY, 

By Edward A. Freeman, D.CL. New EditKxi, revised 

and enlarged, with Chronological Table, Maps, and Index. 

i8mo. doth. 31. 6^ 

" It supplies the great want of a good foundation for hbtocical teachin|(. 
The scheme is an excellent one, and this instalment has been executed m 
a way that promises much for the volumes that are yet to appear.*'— 
Educational Timbs. 

II. HISTORY 01 ENGLAND. By Edith Thompson. 
New Edition, revised and enlarged, with Coloured Maps. i8mo. 
2s, 6d, 

III. HISTORY OF SCOTLAND. By Ma&garbt 
Macarthur. New Edition. i8mo. is. 

" An excellent summary, unimpeachable as to Heu, and pcMbg them 
Ul the dearest and moat impartial light attainable."— Guasdiam. 
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HISTORICAL COURSE FOR SCHOOLS Continued— 

IV. HISTORY OF ITALY, By the Rev. W. Hunt, M.A. 
iSmo. 3 J. 

" It possesses the same solid merit as its predecessors • ; • • the same 
scTuptiioas care about fidelity in detsdls. . . . It is distinguished, too, by 
information on art, arcMtecture, and social politics, in which the writer s 
p-asp is seen by the firmness and clearness dt his touch"^£DUCATiONAL 

TiMSS. 

V. HISTORY OF GERMANY, By J. SiMJt, M.A. 

l8ma 3^. 

**A remarkably clear and impitfssive history of Germany. Its great 
events are wisely kept as central figtures, and the smaller events are care* 
fully kept, not only subordinate and subservient, but most skilfully woven 
into the texture of the historical tapestry presented to the eye."— 
Standard. 

VI. HISTORY OF AMERICA. By John A. Doylb. 

With Maps. iSmo. 4J. 6tf. 

** Mr. Doyle has performed his task with admirable care, fulness^ and 
cleaniefs, and for tne first time we have for schools an accurate and inter- 
esting history of America, from the earliest to the present time."— 
Standard. 

EUROPEAN COLONIES, By E. J. Payne, M.A. With 

Maps. i8mo. 4J. dd, 

*'We have seldom met with an oistorian capable of forming a more 
comprehensive, &r-seeing, and unprejudiced estimate of events and 

Stoples, and we can commend this uttle work as one certain to prove of 
e highest interest to all thoughtful readers. "— -Timbs. 

FRANCE, By Charlotte M. Yonge. With Maps. i8mo. 
** An admirable text-book for the lecture room."^AcADBMY. 

GREECE, By Edward A. Freeman, D.C.L. 

[In preparation, 

ROME, By Edward A. Freeman, D.C.L. [/« t/ie press. 
HISTORY PRIMERS— Edited by JOHN RiCHARD Green. 
Author of " A Short History of the English People." 
ROME, By the Rev. M. Creiguton, M.A., late Fellow 
and Tutor of Merton College, Oxford. With Eleven Maps. 
i8ma is, 

"The author has been curiously successful in telling in an intelli- 
gent way the story of Rome firoui first to last"— School Board 
Chronicub. 

GREECE, By C. A. Fyffe, M.A., Fellow and late Tutor 

of University College, Oxford. With Five Maps. i8mo. is, 
"^Ve give our ilnqtialified praise to this litde manuaL" — Sckool- 

IIASTKK. 

EUROPEAN HISTORY, By E. A Freeman, D.C.L., 

LL.D. With Maps. iSino. is, 

"Ttie wQik is alwa]^ dear, aud forms a Inminoos key to £ucopeaa 
history."— School Boakd CnaoMicCB. 
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GJUL£i: ANTIQUITIES. Bf ti^ Rci^ J. P. Xahafft. 
ILA. HbetnlBd. iSm> ix. 





CLASSICAL GEOCRAFHY, Bf H. F. Tons, MJL 




ROMAN ANTZQUmMS, Bf 

JL BflBV 30SK 8BiC BBIW ft MMK Qm MtffA 

FRANCE. 8y C^EAKLOTTS X. Torass. tSiwx ts. 

** jMxf 3K Gsnauavcx 'vrRneacEut^ fiiCBS9B£>L QMcvidradt .... Xb 
fffMsal 3ia3C as x -R^TPni^ and riear ^krarit; ipsrm^ in s. vmail apaoe s, 
mnd idcBt if ate aiannT a F.MnLg . WBnaiTnt anmm -inim "^ — S«rTKa:ikT 

ENGLAND^ B^ J. K. Quss;. XJL 

UErSBKCDCK— ^ SHORT JCLNCAL OF TSE HISTORY 
OF INDIA, Wii 3a Ajs;:niic ::f L30L\ a5 rr ti. The 
Sou^ Cfnra fgy aai Fminctii^as: tae FMrcHcr aar ELicav 
RsTigii-tKy ?ahlic Wrr:43^ ami ladnatries; ^e Crril Services 
and 57«?=ni of Aiministiacfcii. By- BLiPsa LAJHwarpca; 
3LA.^ CLE., Prss C jiiimfyiM nner Tritn. the Qjvpi .iin egc a£ 
India; lao? Scacurr of Exster CoiTege; Osnjrd, Sjcneny pLimdyai . 
of SLisina;rhnr C7rii?^ Be!i^% Fennwand au u ie t iju e ^■* ■"■tii*^ 
of ±e CaicuTTt Cni'^erritf. Wxtft Xs^js. C^iwit Swu. 5r. 

■xeSBKBT— ^ SCXXART OF MODERN mSTORT. 
Tf iuirfiid3j> fawt dSbe Fnryicft of X. XiCBSLK^ aoifaeiBtXBiBf ttv 
t&eFzeKntT!iiu^brX>C:X.S2MKOBL GSobcSva. ^fi£. 

QtrA-SCANDINAVIAN 3XSTOMT. B^ K. C OrtiL 
With, llftipfc Gooe Svou &i. 

9mM%Ji--FrC7URES OF OLD ENGLAJSWi B^ O^ K. 
Fauxj: r*iiwfafrrf wUtL tbfr flmanK of t&e Aat&ac bf 
^ CI OrciL CTifpcMT BontihiLi QmBtSw^ &l 
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RAMSAY—^ SCHOOL HISTORY OF ROME, By G. G. 
Ramsay, M.A., Professor of Humanity in the University of 
Glasgow. With Maps. Crown 8vo. \In preparation, 

rAXT—ANAL YSIS OF ENGLISH HISTOR Y, based on Green's 
"Short History of the English People." By C. W. A. Tait, 
M. A., A^istant-Master, Clifton College. Crown 8vo. y, 6d, 

WHBBLER— ^ SHORT HISTORY OF INDIA ANLt OF 

THE FRONTIER STATES OF AFGHANISTAN, 

NEPAUL, AND BURMA, By J. Talboys Wheeler. 

With Maps. Crown 8vo. I2j. 

" It is the best book of the kind we have ever seen, and we recommend 
it to a place in every school library." — Educational Timbs. 

YONGB (CHARLOTTE M.)— -4 PARALLEL HISTORY OF 

FRANCE AND ENGLAND : consisting of Outlines and 

Dates. By Chaelotte M. Yonge, Author of " The Heir 

of Reddyffe," &c., &c. Oblong 4to. p, 6d. 

CAMEOS FROM ENGLISH HISTORY. ---FKOM 

ROLLO TO EDWARD XL By the Author of "The Heir 

of ReddyfTe." Extra fcap. 8yo. New Edition. 5^. 

A SECOND SERIES OF CAMEOS FROM ENGLISH 

HISTORY— TKE WARS IN FRANCE. New Edition. 

Extra fcap. 8vo. Ss, 

A THIRD SERIES OF CAMEOS FROM ENGLISH 

HISTORY— THE YfARS OF THE ROSE&. New Edition. 

Extra fcap. 8to. 5j. 

A FOURTH SERIES— REFORMATION TIMES. Extra 

Fcap. 8vo. Ss. 

EUROPEAN HISTORY, Narrated in a Series or 

Historical Selections from the Best Authorities. Edited and 

arranged by E. M. Sbwsll and C. M. YoNGE. First Series, 

1003 — 1 1 54. Third Edition. Crown 8va 6j. Second 

Series, 1088— 1228. New Edition. Crown 8ya 6j; 

DIVINITY. 

*«* For other Works by these Authors, see Theological 

Catalogue. 

ABBOTT (REV. B. A.)— BIBLE LESSONS. By the Rev. 

E. A. Abbott, D.D., Head Master of the City of London 

SdiooL New Edition. Crown 8vo. 4r. 6d. 

** Wise, soggesdve, and really profiMind initiation into reUffioni thouRht" 
*43dakdian. 
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A^KOU^—A BJBLE'READING FOR SC/IOOZS'-TUK 
GREAT PROPHECY OF ISRAEL'S RESTORATION 
(Isaiah, Chapters xL — }xm.y. Arranged and Edited for Young 
Learners. By Matthew Arnold, D.C.L., formerly 
Plrofessor of Poetry in the University of Oxford, and Fellow 
of OrieL New Edition. i8mo. doth. ix. 
ISA/AH XL,—LXVL With the Shorter Prophede* allied 
to it Arranged and Edited, with Notes, by Matthew 
A&NOLD. Crown 8vo. 5^. 

CHSSTHAM— ^ CHURCH HISTORY OF THE FIRST 
SIX CENTURIES. By the Ven. Archdeacon Chiet- 
HAM. Crown 8va \In the press, 

OVVtBlS— MANUAL OF THE THIRTY-NINE AR- 
TICLES. By G. H. CURTEIS, M.A., Principal of the 
Lichfield Theological College. [/» preparation. 

aAAKOm— THE CHILDREN* S TREASURY OF BIBLE 
STORIES. By Mrs. Herkan Gaskoin. Edited with 
Preface by the Rev. G. F. Maclear, D.D. Part L— OLD 
TESTAMENT HISTORY. i8mo is. Part II.— NEW 
TESTAMENT. i8mo. is. Part III.— THE APOSTLES : 
ST. TAMES THE GREAT, ST. PAUL, AND ST. JOHN 
THE DIVINE. i8mo. is. 

GOLDEN TKBA8URY PSALTER— Students' Edition* Being 
an Edition of "The Psalms Chronolc^[ically Arranged, by 
Poor Friends," with briefer Notes. i8ma 3^. 6d. 

eREEK TESTAMENT. Edited, with Introduction and Appen- 
dices, by Canon Westcott and Dr. F. J. A. Hort. Two 
Vols. Crown 8va lor. 6d. each. 
VoL I. The Text. 
Vol. II. Introduction and Appendix. 

HARDWICK— Works by Archdeacon HardwicK. 

A HISTORY OF THE CHRISTIAN CHURCH. 
Middle Age. From Gregory the Great to the Excommnni- 
cation of Luther. Edited by William Stubbs, M. A., Reghis 
Professor of Modem History in the University of Oxford. 
With Four Maps. Fourth Edition. Crown Sra for. 6d. 
A HISTORY OF THE CHRISTEN CHURCH DURING 
THE RE FORMA TION. Fourth Edition. Edited by Pro- 
fessor Stubbs. Crown 8toi» lor. 6dl 
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Kl^Qt-CBURCH HISTORY OF IRELAND, By the Rev. 
Robert Kino. New Edition. 2 vols. Crown 8vo. 

[/« preparation, 

MACIiBAR^Works by the Rev. G. F. Maclbar, D.D.» 

Warden of St. Augustine's College, Canterbury. 

A CLASS-BOOK OF OLD TESTAMENT HISTORY. 
New Edition, with Four Maps. i8mo. 4^. &/. 

A CLASS-BOOK OF NEJV TESTAMENT HISTORY, 
including the Connection of the Old and New Testament. 
With Four Maps. New Edition. i8mo. $j. 6^ 

A SHILLING BOOK OF OLD TESTAMENT 
HIS TOR Yf for National and Elementary Schools. With 
Map. i8mo. doth. New Edition. 

A SHILLING BOOK OF NEW TESTAMENT 
HISTORY^ for National and Elementary Schools. With 
Map. i8mo. doth. New Edition. 

These works have been carefully abridged from the author's 
larger manuals. 

CLASS-BOOK OF THE CATECHISM OF THE 
CHURCH OF ENGLAND. New Ed. i8roo. doth. u. 6d, 

A FIRST CLASS-BOOK OF THE CATECHISM OF 
THE CHURCH OB ENGLAND, with Scripture Proofs, 
for Junior Classes and Schools. New Edition. i8mo. 6^. 

A MANUAL OF INSTRUCTION FOR CONFIRMA- 
TION AND FIRST COMMUNION, WITH PR A VERS 
AND DEVOTIONS, 32mo. cloth extra, red edges. 2s, 

mjhV^lCB'-THE LORD'S PRAYER, THE CREED, AND 

THE COMMANDMENTS, Manual for Parents and School- 
masters. To which is added the Order of the Scriptures. By the 
Rev. F. Dbnison Mauricb, M.A. i8ma doih, limp. is. 

PROOTBR— i4 HISTORY OF THE BOOK OF COMMON 
PRAYER, with a Rationale of its Offices. By Francis 
Proctxr, M.A. Fourteenth Edition, revised and enlarged. 
Crown $va lOr. (ni. 
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• 

PSOCTBR AND VUlQIa-RKB,— AN ELEMENTARY INTRO» 
DUCTION TO THE BOOK OP COMMON PRA YER. 
Re-axranged and supplemented by an Explanation of the 
Morning and Evening Prayer and the Litany. By the 
Rey. F. Procter and the Rev. Dr. Maclear. New 
and Enlarged Edition, containing the Communion Service and 
the Confirmation and Baptismal Offices. i8mo. 2s, 6a, 

PSALMS OF DAVID CHRONOLOGICALLY ARRANOBD. 
By Four Friends. An Amended Version, with Historical 
Introduction and Explanatory Notes. Second and Cheaper 
Edition, with Additions and Corrections. Cr. 8va &r. 6d, 

RAMSAV— r^iff CA TECHISERS MANUAL ; or, the Church 
Catechism Illustrated and Explained, for the Use of Clei:gy- 
men, Schoolmasters, and Teachers. By the Rev. Arthur 
Ramsay, M.A. New ii^dition. i8mo. u, tcL 

UlWTBOVt— AN EPITOME OP THE HISTORY OP THE 
CHRISTIAN CHURCH. By William Simpson, BIA. 
New Edition. Fcap. 8vo. 31. 6^ 

TRENCH— By R. C. TRENCH, D.D., Archbishop of Dublin. 
LECTURES ON MEDIEVAL CHURCH HISTORY. 
Being the substance of Lectures delivered at Queen's College, 
London. Second Edition, revised. 8vo. 12s. 

SYNONYMS OP THE NEW TESTAMENT. Ninth 
Edition, revised. 8vo. I2J. 

WBSTCOTT— Works by Brooke Foss Westcott, D.D., Canon 
of Peterborough. 

A GENERAL SURVEY OP THE HISTORY OP THE 
CANON OP THE NEW TESTAMENT DURING THE 
PIRST POUR CENTURIES. Fourth Edition. lAHth 
Pre£EU» rm ** Supernatural Religion." Crown 8va lOf. 6d, 

INTRODUCTION TO THE STUDY OP THE POUR 
GOSPELS. Fifth Edition. Crown 8va lOf. 6d. 

THE BIBLE IN THE CHURCH A Popular Account 
of the Collection and Reception of the Holy Scriptures in 
the Christian Churches. New Edition. iSmo. doth. 
4f. 6d. 
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WESTCOTT— HORT- THE NEW TESTAMENT IN THE 
ORIGINAL GREEK. The Text Revised by B. F. Westcott, 
D.D., Regius Professor of Divinity, Canon of Peterborough, 
and F. J. A. HoRT, D.D., Hulsean Professor of Divinity; 
Fellow of Enunanuel College, Cambridge ; late Fellows of 
Trinity College, Cambridge, 2 vols. Crown 8vo. loj. dd, each. 
Vol. I. Text. 
Vol. II. Introduction and Appendix. 

WILSON— T:^^ bible students guide to the more 
Correct Understanding of the English Translation of the Old 
Testament, by reference to the original Hebrew. By William 
Wilson, D.D., Canon of Winchester, late Fellow of Queen's 
College^ Oxford. Second Edition, carefully revised. 4to. 
doth. 25^. 

YOMOB (CHARLOTTE fH.)— SCRIPTURE READINGS FOR 
SCHOOLS AND FAMILIES. By Charlott* M. Yongb, 
Author of "The Heur of Reddyffe." In Five Vols. 
First Sbrhs. Gbnxsis to Dbuteronomy. Extra fcap. 
8vo. If. 6d, With Comments, 31. 6d. 
Second Sbrixs. From Joshua to Solomon. Extra fcap. 
8vo. u. 6d, With Comments, %t. 6d. 
Third Sbriis. The Kings and the Prophets. Extra fcap. 
8vo. IS, 6d, With Conmients, 31. 6d, 
Fourth Sbriis. The Gospel Times, is. &/. With 
Comments, extra fcap. 8yo., 3/. 6d. 

Fifth Series. Apostouc Times. Extra fcap. 8vo. is. 6d, 
With Comments, 3/. 6d, 

MODERN LANGUAGES, ART, ETC. 

\BBOTT— ^ SHAKESPEARIAN GRAMMAR. An Attempt 
to illustrate some of the Difierences between Elizabethan and 
Modem English. By the Rev. E. A. Abbott, D.D., Head 
Master of the City of London SchooL New Edition. Extra 
fcap. 8vo. 6f. 

\NDBRSON — Z/iV^^^ PERSPECTIVE, AND MODEL 
DRA WING. A School and Art Class Manual, with Questions 
and Exercises for Examination, and Examples of Examination 
Papers. By Laurence Anderson. With Illustrations. 

^oyal8vo. 2s, 

d 
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BARKER— /7i?^r LESSONS IN THE PRINCIPLES OP 
COOKING, By Lady Barker. New Edition. i8mo. \s, 

BOWUN-PIRST LESSONS IN FRENCH. By H. Co0R- 
THOPE BowEN, M.A. Extra f cap. 8vo. \s. 

BBAUMARCHAIS— Z^ BARBIER DE SE VILLE, Edited, 
with Introduction and Notes, by L. P. BLOtTET, Assistant 
Master in St. Patd's School. Fcap. 8vo. jj^ 6d, 

B^UK^ns— FIRST LESSONS ON HEALTH, By J. Ber- 
NERS. New Edition. iSaio. \s. 

BImAKIBTON-^THE teacher. Hints on School Manage- 
ment. A Handbook for Managers, Teachers' Assistants, and 
Pupil Teachers. By J. R. Blakiston, M.A. Crown Svo. 
2s. 6d. (Recommended by the London, Birmingham, and 

Leicester Scliool Boards.) 

" Inio a comparatrveiy small book he has crowded ft great deal of ex* 
ceedinqly useful and sound advice. It is a plain, commoo-sense book, 
foil of hints to the teacher on the management of his school and his 
children. ^School BoakixChronicub. 

BRSYMANN — Worirs by HERMANN Breymann, Ph.D., Pro- 
fessor of Philology in the Uniyemty of Munich. 
A FRENCH GRAMMAR BASED ON PHILOLOGICAL 
PRINCIPLES. Second Edition. Extra fcap. 8vo. 4j. 6d. 
FIRST FRENCH EXERCISE BOOK. Extra fcap. 8vo. 

SECOND FRENCH EXERCISE BOOK. Extra fcap. »vo. 

25. 6d. 

BROOlLE-'MILTON. By Stoppord Brooke, M.A. Fcap. 
8vo. is, 6d. (Green's Classical Writers.) 

BJJTImB^—HC/DIBRAS. Part I. Edited, with Introduction 
and Notes, by Alfred Milnss, B. A. Crown dvo. $s. 6d. 

CAMBRIDGE UNIVERSITY AIiMANAOK AND RE- 
GISTER FOR IBBl, bebig the Twenty-ninth Year ot 
Publication. Crown 8vo. 3^. oid. 

OAlsJiBBVirooii— HANDBOOK OF MORAL PHILOSOPHY. 
By the Rev. Henry Calderwood, LL.D,, Professor of 
Moral Philosophy, University of Edinburgh. Sixth Edition. 
Crown 8vo. 6s. 

COLLIER -^ PRIMER OF ART. With Illustrations. By 
John Collier. iSmo. is. [ImmuUtUely, 
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DJkl9TB^TI/£ PURGATORY OF DANTE. Edited, with 
Translation and Notes, by A. J. Butler, M.A., late Fellow 
of Trinity Collie, Cambridge. Crown 8vo. I2j. 6flf. 

DEI.ikMOTTB— ^ BEGINNERS DRAWING BOOK. By 
P. H. Dklamotti^ F.S.A. Progresaxvdy an&ng^ New 
Edition improved. Crown 8vo. 3^. ddf. 

PASNACHT— r-ffS ORGANIC METHOD OF STUDYING 
LANGUAGES. By G. EuoiNE Fasnacht, Author of 
** Macmillan's Progressive French Course," Editor **Mac- 
. millan's Foreign School Classics,'' &c. Extra fcap. 8vo. 

I. French. [Immediately, 

TAVrOETT— TALES IN POLITICAL ECONOMY. By 
MiLLiCENT Gaerett Fa^wtcEtt. (jUobe 8vo, 3X. 

TVJLROHl— SCHOOL INS^PECTlON. % D. K. FeAkon, 
M.A., Assistant Commissioiner of Endowed Schools. Third 
Edition. Crown 8vo. zr. 6d, 

TVLRDEMlOKr-HINTS TO HOUSEWIVES ON SEVERAL 
POINTS, PARTICULARLY ON THE PREPARATION 
OF ECONOMICAL AND TASTEFUL DISHES. By 
Mrs. Frederick. Crown 8vo. 2s.. 6cl. 

^ " This unpretending and useful littlis vc^Iume disdtictly supplies a de* 

sideratum The author steadily keeps in view the simple funi of 

' making every-day meals at home, particularly the dinner, attractive.' 
without adding to the ordinary household ejqtcoses." — Satnrday Jftview, 

QlMAHSTOIiia^SPELLING REFORM FROM AN EDU- 
CATIONAL POINT OF View. By J. H. Gladstone, 
Ph.D., F.R.S., Member of the School Boaid for Lonlckkk. 
New Edition. Crown 8vo. ix. 6d. 

GOlAliSmim— THE TRA VELLER, or a Phwpect of S<5cfet^ 5 
and THE DESERTED VILLAGE, By Oliver Gold- 
smith. With Notes Philological and Explanatory^ by J% W. 
Hales M.A. Crown 8vo. 6d. 

QViA,Nl>'UOMMB— CUTTING- OUTAND DRESSMAKING. 
From the French of Mdlle. E. GRANt)*HOMME. . Witk- t)k- 
grams. i8mo. is. 

aBBBN-^ SHORT GEOGRAPHY OF THE BRITISH 

ISLANDS. By JoH«^ Rlt:ttAA4>' G«Ete»^ antT A^lfcE 

Stopford Green. With Maps. Fcap. 8vo. ^. 6tPj 

The Times says :— ** The method of. the worl^ so far ;u reaLiostruction 
i&^conctrtied, is nearly all> thiit' cduldD hV deslrtidt ... Ills gMnit* ifl^tt, in 
addition to its scientific arrangement and the attractive style su fum U^^r 
to the readers of Green's SMoh History is that the facts are so presented 

d 2 
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as to compel the careful student to think for himself. . . . The work may 
be read with pleasure and profit by anyone ; we trust that it will gradually 
find its way mto the higher forms of our schools. With this text-book as 
his guide, an intelligent teacher might make geo^pby what it really is — 
one of the most interesting and widely-instructive studies." 

HALES— ZOirafi-^ ENGLISH POEMS, with Notes, Philo- 
logical and Explanatory, and an Litroduction on the Teaching 
of English. Chiefly for Use in Schools. Edited by J. W. 
Hales, M.A., Processor of English Literature at King's 
CoU^e, London. New Edition. Extra fcap. 8vo. ^s. 6d, 

noWk—A GENEALOGICAL STEMMA OF THE KINGS 
Of ENGLAND AND FRANCE. By the Rev. C. Hole. 
On Sheet, is. 

JOHNSON'S LIVES OF THE POETS. The Six Chief Lives 
(Milton, Dryden, Swift^ Addison, Pope, Gray), with Macaulay's 
**Life of Johnson." Edited with Preface by Matthew 
Arnold. Crown 8voi» 6f . 

LITSRATURS PRIMBRB— Edited by JOHN RICHARD GSSXN, 

Author of " A Short History of the English People." 

ENGLISH GRAMMAR. By the Rev. R. Morris, LL.D., 
sometime President of the Philological Society. i8mo. 
doth. li. 

ENGUSH GRAMMAR EXERCISES. By R. Morris, 
LL.D., and H. C. BowxN, BLA. xSmo. u. 

THE CHILDREN'S TREASURY OF LYRICAL 
POETRY. Selected and arranged with Notes by Francis 
Turner Paloravx. In Two Parts. i8mo. u. each. 

ENGLISH LITERATURE. By Stopford Brooke, 
BLA. New Edition. i8mo. u. 

PHILOLOGY. By J. PxiLE, M.A. l8mo. u. 

GREEK LITERATURE. By Professor Jebb, M.A. i8mo. u. 

SHAKSPERE. By Professor Dowden. i8ma is. 

HOMER. By the Right Hon. W. B. Gladstone, M.P. 
i&na Ui 

ENGLISH COMPOSITION. By Professor Nicuol. i8mo. 
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In preparation :— 

LA TIN LIT ERA TURE, By Professor Seeley. 
msrORY OF 7 HE ENGLISH LANGUAGE. By 
J. A. H. Murray, LL.D. 

SPECIMENS OF THE ENGLISH LANGUAGE, 
To IlIuKtratc the above. I3y the same Author. 

MACMILZiAN'8 COPY-BOOK8- 

Pablished in two sizes, viz. »— 

1. Large Post 4to. Price ^, each. 

2. Post Oblong. Price 2a, each. 

I. INITIATORY EXERCISES <Sh SHORT LETTERS. 

•2. WORDS CONSISTING OF SHORT LETTER:^. 

•3. LONG LETTERS. With words containing Long 
I /Oil ers-— Figures. 

♦4. WORDS CONTAINING LONG LETTERS. 

4a. PRACTISING AND REVISING COPY-BOOK. Yot 
Nos. I to 4. 

♦5. CAPITALS AND SHORT HALF-TEXT, Words 
beginning with a Capital. 

•6. HALF' 7 EXT WORDS, beginmng with a Capital- 
Figures. 

•7. SMALL-HAND AND HALF-TEXT. With Capitals 
and Figures. 

♦8. SMALL-HAND AND HALF-TEXT. With CapiUls 
snd Figures. 

%z.. PRACTISING AND REVISING COPY-BOOK. For 
Nos. 5 to 8. 

♦9. SMALL-HAND SINGLE HEADLINES—Ti^xtA. 

10. SMALL-HAND SINGLE HEADLINES^Y\^xt%. 

•11. SMALL-HAND DOUBLE HEADLINES-^Figixrcs. 

12. COMMERCIAL AND ARITHMETICAL EX- 
AMPLES, ^c. 

iiti. PRACTISING AND REVISING COPY-BOOK. For 
Nos. 8 to 12. 

* Tfusi numbers may be had with Goodmatfs PaUnt Stiding 
CopUi. Large Post 4to. Price ^, each. 
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WAOMIIiIiAN'8 OOFY-BOOR8 ConHnued-^ 

By a simple device the copies, which are printed upon separate 
sUps, are arranged with a movable at^^chment, by which they 
are adjusted so as to be directly before the eye of the pupil at 
idl pojints of his progress. It enables him, also, to keep his 
own £a,i;dts concealed, with perfect models constantly in view 
for imitation. Every experienced teacher knows the advantage 
of the slip copy,. but its practical application has never before 
been successfully aotomplished. This feature is secured ex- 
clusively to Macmilian's Copy-books under Goodman's patent 

MACMILIiAN'8 PROGRESSIVE FRBNOH COURSE— By 

G. Eugene-Fasnacht, Senior Master of Modem Languages, 
Harpur Foundation Modem School, Bedford. 

I. — ^FiRST Year, containing Easy Lessons on the Regular Ac- 
cidence. Extra fcap. Svo. u. 

IL — Second Year, containing Conversational Lessons on 
Systematic Accidence and Elementary Syntax. With Philo- 
logical Illustrations and Etymological Vocabulary, is, 6d, 

III. — ^Third Year, containing a Systematic Syntax, and 
Lessons in Composition. Extra fcap. Svo. 2s, 6d, 

MAOMILIaAN'S PR06RBSSIVB FRENCH REAPERS-- 

By G. EuoiNE-FASNACHT. 

I. — ^FiRST Year, containing Tables, Historical Extracts, 
Letters, Dialogues, Fables, Ballads, Nursery Songs, &c., 
with Two Vocabularies : (i) in the order of subjects ; (2) in 
alphabetical order. Extra fcap. Svo. 2s, 6d, 

II.^Second Year, containing Fiction in Prose and Verse, 
Historical and Descriptive Extracts, Essays, Letters, Dialogues, 
&c. Extra fcap. Svo. 2s, td, 

mACTWTT.Tiftirs FRoasvsarmD obrman oovbsb— By 

G. EuoiNs Fasnacht. 

Part I. — First Year. Easy Lessons and Rules on the Regular 
Acudence. Extra fcap. Svo. is, Sd. 

Part II. — Secokd Year. Conversational Lessons in Sys- 
tematic Accidence and Elementary Syntax. With Philological 
ninstrations and Etymological Vocabulary. Extra fcap. 
$▼0. zs. 
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MACMILLaN'S FOREIGN SCHOOL CIiASBICa Edited by 
G. EuGfeNE Fasnacht. i8mo. 

FRENCH. 

CORNEILLE^LE CID, Edited by G. E. Fasnacht. is, 

MOLlkRE-^LES FEMMES SAVANTES. Edited by 
G. E. Fasnacht. [Just Ready. 

MOLlkRE-^LE M£DECIN MALGRA LUI. By the 
same Editor. [In preparation, 

MOLlkRE-^VA VARE. Edited by L. Moriarty, B.A., 

Assistant -Master at Rossall. 

SELECTIONS FROM FRENCH HISTORIANS. Edited 
by C. CoLBECK, M.A., late Fellow of Trinity College, Cam- 
bridge ; Assistant-Master at Harrow. [In preparation, 

VOLTAIRE—CHARLES XII, Edited by G. E. Fasnacht. 

' [/« preparation, 

GERMAN. 

GOETHE— 'GOETZ VON BERLICHINGEN. Edited 
by W. G. Guillemard, M.A., Assistant-Master at Harrow, 
and H. A. liULL, B.A., Assistant-Master at Wellington. 

[In preparation, 

HEINE— SELECTIONS FROM THE PROSE WRIT- 
INGS. Edited by C. CoLBECK, M.A. [In preparation, 

UHLAND — SELECT BALLADS, Edited by G. E. 
Fasnacht. [In preparation. 

SELECTIONS FROM GERMAN HISTORIANS, By 
the same Editor. Part I. — Ancient History. [In preparation, 

*4j* Other volumes to follow, 

fa AnTlJH — THE POET'S HOUR: Poetry selected and 
arranged for Children. By Frances Martin. Third 
Edition. i8mo. 2s, td, 

SPRING-TIME WITH THE POETS: Poetry selected by 
Frances Martin. Second Edition. i8mo. y, td. 
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MASSON (GUSTAVE)— i4 COMPENDIOUS DICTIONARY 
OF THE FRENCH LANGUAGE (French-EngUsh and 
English -French). Adapted from the Dictionaries of Professor 
Alfred Elwall. Followed by a List of the Principal Di- 
verging Derivations, and preceded by Chronological and 
Historical Tables. By Gu stave Masson, Assistant-Master 
and Librarian, Harrow School. Fourth Edition. Crown Svo. 
hilf-bound. 6f. 

MOLIERE— Z£ MALADE IMAGINAIRE. Edited, with 
Intioduction and Notes, by Francis Tarver, M. A., Assistant- 
Master at Eton. Fcap. Svo. zs, 6d, 

MORRIS — Works by the Rev. R. Morris, LL.D. 

HISTORICAL OUTLINES OF ENGLISH ACCIDENCE, 
comprising Chapters on the History and Development of the 
Language, and on Word-formation. New Edition. Extra 
fcap. Svo. dr. 

ELEMENTARY LESSONS IN HISTORICAL 
ENGLISH GRAMMAR, containing Accidence and Word- 
formation. New Edition. iSmo. 2f. 6d, 

PRIMER OF ENGLISH GRAMMAR, iSmo. u. 

OLIPHANT— y^^ OLD AND MIDDLE ENGLISH A 
New Edition of «* THE SOURCES OF STANDARD 
ENGLISH" revised and greatly enlarged. By T. L. King- 
ton Oliphant. Extra fcap. Svo. 9^. 

VAJsGnA^r^—THE CHILDREN'S TREASURY OF 
LYRICAL POETRY, Selected and Arranged with Notes 
by Francis Turner Palgravb. iSmo. 2s, 6d, Also in 
Two parts. iSmo. i^. each. 

PLUTARCH — Being a Selection from the Lives which Illustrate 
Shakespeare. North's Translation. Edited, with Intro- 
ductions, Notes, Index of Names, and Glossarial Index, by 
the Rev. W. W. Skvat, M.A. Crown Svo. dx. 
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PYLODET— A^^»^ GUIDE TO GERMAN CONVERSA- 
TION: containing an Alphabetical List of nearly 800 Familiar 
Words followed by Exercises, Vocabulary of Words in frequent 
use ; Familiar Phrases and Dialogues ; a Sketch of German 
Literature, Idiomatic Expressions, &c. By L. Pylod£T. 
i8mo. cloth limp. 2s. 6d, 

A SYNOPSIS OF GERMAN GRAMMAR. From the 
above. i8mo. 6iL 

QUEEN'S COLLEGE LONDON. THE CalpndAV, 1879-80, 
1880-81, 1881-82. Fcap 8vo. Each is, 6d, 

READING BOOKS— Adapted to the English and Scotch Codes. 
Bound in Cloth. 

PRIMER. i8ma (48 pp.) 2d, 

BOOK L for Standard L i8mo. {96 pp.) 4//. 
n n. „ II. i8mo. (144 pp.) 5^- 



t9 
99 
99 
99 



IIL ,y IIL i8mo. (160 pp.) td, 

IV. „ IV. i8mo. (176 pp.) &/. 

V. „ V. i8mo. (380 pp.) is. 

VI. „ VI. Crown 8vo. (430 pp.) 2/. 



Book VI. is fitted for higher Classes, and as an Introduction to 
English Literature. 

** They are far above any others that have appeared both in form and 
substance. . . . The editor of the present sedes has rightly seen that 
reading; books must ' aim chiefly at s^i^ng to the pupils the power <A 
accurate, and, if possible, apt and skilful expression ; at cultivating in 
them a good literary taste, and at arousing a desire m further reading. 
This is done by taking care to select the extracts from true English classics, 
goins: up in Standard VI. course to Chaucer, Hooker, and Bacon, as well 
as Wordsworth. Macaulay, and Froude. . . . This is quite on the right 
track, and indicates Justly the ideal which we ought to set before Hi."— 

GUAKDIAN. 



8HAKESPEABE— ^ SHAKESPEARE MANUAL. By F. G. 
Fleay, M.A., late Head M^ter of Skipton Grammar School 
Second Edition. Extra fcap. 8vo. 4r. 6^ 
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VICTORIA VNIVERSrrT CAIANDAR, with the Calendar of 
the Owens Collie, i88c>-iS8i, 1881-1882. Crown 8yo. ^r. 

VnrCBHT and mOKBOV-^HANDBOOK TO MODERN 
GREEK, By Edgar Vincent, Coldstream Guaids, and 
T. G. DlCKSOK, M.A. With Prefece by Professor J. S. 
Blackie. . Extra fcap. 8vo. ^s, 

**Thi« is a grammar and co o ver g arion book in one, and avmds with great 
sticcesft die tediousness too common in grammars and the silliness too 
common in conversation books. .... It will not be Messrs. Vincent and 
Dickson's fault if their work does not contribute materially to the stndy 
of Greek by Englishmen as a living language.** — ^Pau. Mall Gazsttb. 

WARD— r^^ ENGLISH POETS. Selections, with Critical 
Introductions by various Writers and a General Introduction 
by Matthew Arnold. Edited by T. H. Ward, M.A. 4 
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